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Requirement  Definition 


Description,  Specifications,  Work  Statement: 
General: 

Environmental 

System  Safety 

Periodic  Meetings 

155-mm  Towed  Howitzer  Demonstrator 
Operational  Requirements: 

Stability  for  Firing  and  Towing 

Misfire  and  Cookoff  Handling 
Air-Droppable  and  LAPES-Certifiable 
Cross-Country  Capability 
Emplacement: 

Emplaced  by  Four  Persons  in 
3  Minutes 

Shiftable  by  Four  Persons  in 
3  Minutes  to  6,400  mils 
Fires  all  155-mm  Conventional  and 
Improved  Munitions 
Range  Equal  to  or  Greater  Than  Ml 98 
Transportable  by  UH60  Helicopter 
Maintain  Ml 98  R<5cM  Performance 
Preliminary  Defect  Criteria  Stated 
Physical  Requirements: 

Weight  Not  Greater  Than  9,000  Pounds 
Size  Not  Greater  Than  M198  Envelope 
Volume 

Maximum  Impulse  to  Recoil  is  12,500 
lbs.  sec. 

Detailed  Requirements: 

Phase  I— Study  and  Analysis 
Phase  II— Detailed  Hardware  Design 
Phase  III— Hardware  Development  and 
Test 

Human  Factors  Requirements 
Prepare  Quality  Assurance  Plan 
Innovative  Recoil  Mechanism 
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9  Operational  Requirements: 

9  Reduce  Recoil  Force  by  50%  Over 
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Section  1 
Introduction 


We  have  the  experience  and  capabilities 
to  conceptualize,  design,  and  fabricate 
the  Lightweight  Towed  Howitzer 
Demonstrator  (LTHD).  We  can  also 
produce  and  support  those  designs.  Our 
design  will  provide  the  U.S.  Army  with 
a  155-mm  lightweight  howitzer  that  is 
airliftable  by  the  modified  Blackhawk 
helicopter. 


Our  understanding  of  the  project  objective 
and  of  the  operational,  functional,  and 
physical  requirements  of  the  LTHD  are 
summarized  below.  The  description  of  our 
technical  development  plan  and  our 
approach  to  complete  this  project  are 
consistent  with  a  technology  demonstration 
project. 

We  propose  a  unique  combination  of 
innovative  design,  state-of-the-art  tech¬ 
nology,  off-the-shelf  components,  and 
composite  materials  for  the  LTHD.  Using 
this  approach,  we  have  resolved  the  weight 
problem  with  low  to  moderate  technical  risk 
and  within  the  required  timeframe.  The 
LTHD  concept  lends  itself  to  the  application 
of  additional  advanced  technology  features 
in  the  future,  such  as  a  composite  barrel  or 
an  innovative  recoil  mechanism.  However, 
these  features  were  not  proposed  for  this 
concept,  because  we  consider  them  to  add 
unnecessary  technical  risk. 


Our  proposed  weapon  system  uses  a  unique 
approach  to  meet  the  weight  and  stability 
requirements.  The  system  configuration 
consists  of  dual  forward-spreading  trails 
stabilizing  a  firing  platform  with  a  low-level 
trunnion  and  a  single-elevation  cylinder  that 
supports  the  recoil  and  cannon  assemblies  on 
a  dual-rail  slide  (figure  1-1).  The  concept 
was  configured  to  perform  similar  to  the 
Ml 98  Towed  Howitzer  and  to  meet  the 
9,000-pound  weight  limitation.  Environ¬ 
mental,  noise,  and  blast  overpressure 
requirements  are  included  in  the  concept 
development  to  provide  a  reliable  system 
that  can  be  safely  operated  by  the  crew. 

The  weapon  will  be  supported  by  a  detach¬ 
able  wheel  unit.  This  feature  allows 
additional  weight  reduction  (600  pounds) 
should  airlifting  under  adverse  conditions 
become  necessary.  The  wheel  unit  has  four 
wheels  equipped  with  HMMWV  tires.  A  four- 
wheel  configuration  will  enhance  travel 
stability  of  the  weapon  when  towed  behind  a 
vehicle.  The  wheel  unit  could  also  be  used  to 
assist  in  loading  of  heavy  projectiles 
(Copperhead),  or  to  move  ammunition  in  the 
firing  position. 

Our  design  approach  will  be  a  conservative 
one.  Where  possible,  components  already 
employed  in  U.S.  Army  systems  will  be  used. 
We  will  use  innovative  configurations  or 
materials  only  where  necessary  to  meet  the 
weight  and  stability  requirements. 
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Use  of  innovative  techniques  or  materials 
will  be  determined  by  trade  studies.  There¬ 
fore,  although  the  design  will  be  innovative, 
the  techniques  or  materials  used  will  not  be 
new  and  unproven.  For  example,  although 
there  will  be  many  applications  of  compos¬ 
ites,  we  will  employ  proven  technology 
before  considering  the  use  of  state-of-the- 
art  or  unproven  materials. 

Northern  Ordnance  will  use  a  system 
engineering  approach  to  address  the  inter¬ 
disciplinary  requirements  for  development 
of  the  155-mm  LTHD. 

We  realize  that  any  development  project 
carries  with  it  inherent  risk.  We  have 
reviewed  the  potential  technical  risks  for 
this  project  and  have  identified  risk  control 
techniques  to  cope  with  and  control  any 
encountered  risks.  Because  an  urgent  need 
exists  for  this  weapon  system,  we  have 
attempted  to  minimize  all  risks  during 
concept  exploration  in  our  independent 
research  and  development  (IR&D)  efforts. 
This  effort  will  continue  throughout  the 
project. 

We  offer  a  project  team  that  is  experienced 
in  working  with  designs  exposed  to  difficult 
working  environments  where  ease  of  opera¬ 
tion  and  maintenance  is  essential  (figure 
1-2).  This  team  has  been  exploring  the 
lightweight  towed  howitzer  environment  and 


weapon  system  requirements  under  the 
IRdcD  program  since  September  1984.  This 
same  team  has  evaluated  recent  howitzer 
designs  to  learn  about  complexities  of 
howitzer  weapon  systems  and  the  intricacies 
of  lightweight  design.  We  have  visited  with 
agencies  involved  in  weapon  system  design 
and  weapon  system  use,  such  as  AMMRC, 
ARDC,  and  USFACS,  to  determine  their 
needs  and  to  listen  to  their  concerns.  To 
support  our  team,  we  have  engaged  Mr.  John 
Simpson  (a  ballistics  consultant),  the  FMC 
Central  Engineering  Laboratories  (CEL),  and 
the  U.S.  Army  AMCCOM  to  join  the  effort. 

CEL  will  conduct  dynamic  analyses  on  the 
entire  weapon  system  as  well  as  composite 
parts  to  minimize  weight  without  impairing 
structural  integrity.  CEL's  composite 
material  fabrication  shop  will  produce  a 
significant  portion  of  the  piece  parts  for  the 
LTHD  demonstrator. 

Watervliet  Arsenal  will  provide  detailed 
design  of  the  cannon  assembly  and  will 
fabricate,  assemble,  and  test  the  cannon. 

To  summarize,  we  understand  the  require¬ 
ments  and  have  a  sound  approach  to 
complete  the  project  objective  successfully. 
Our  proposed  LTHD  concept  meets  all 
technical  requirements,  and  we  can  design 
and  fabricate  the  demonstrator  system 
within  the  given  schedule  at  reasonable  cost. 


Section  2 

Understanding  the  Requirements 


3.  Exhibit  ballistic  similitude  to  the 
M198  Towed  Howitzer 

4.  Have  a  range  of  30  km  with 
rocket-assisted  projectiles 

5.  Perform  equal  to  or  better  than  the 
M198  Towed  Howitzer 

6.  Be  emplaceable  by  a  four-person 
crew  in  3  minutes  or  less 

7.  Be  shiftable  by  a  four-person  crew 
through  6,400  mils  in  3  minutes  or 
less 

8.  Provide  stability  equal  to  or  better 
than  the  Ml  98  howitzer  system 
under  both  firing  and  cross-country 
touring  conditions 

As  we  address  the  project  objective 
throughout  this  technical  proposal,  our 
discussions  will  reflect  our  understanding  of 
both  the  objective  and  the  issues  that  must 
be  resolved  in  accomplishing  it. 

2.2  SYSTEM  OPERATIONAL 
REQUIREMENTS 


The  purpose  of  the  LTHD  is  to  provide  the 
Light  Infantry  Division  with  the  range  and 
firepower  of  a  155-mm  fire  support  weapon 


Our  experience  as  a  designer  and  de¬ 
veloper  of  gun  systems  ensures  the 
LTHD  will  fully  meet  the  operational 
requirements. 


2.2.1  Performance  Requirements 


We  understand  the  weight,  stability, 
and  operational  requirements  of  the 
Lightweight  Towed  Howitzer  Demon¬ 
strator  (LTHD). 


2.1  PROJECT  OBJECTIVE 

Our  objective  for  the  LTHD  project  is  to 
develop  and  fabricate  a  155-mm  LTHD  that 
can  demonstrate  the  deployability  and 
operability  of  a  lightweight  fire  support 
system  via  airlift  by  upgraded  Blackhawk 
(UH-60)  helicopter  and  use  of  existing  and 
developmental  155-mm  ammunition.  Per¬ 
formance  and  stability  will  meet  or  exceed 
that  of  the  existing  M198  Towed  Howitzer. 
Appropriate  advanced  technology,  as  well  as 
proven  engineering  concepts  and  compo¬ 
nents,  will  be  combined  to  achieve  the  ob¬ 
jective  within  the  given  timeframe  and  at 
the  lowest  possible  risk. 

Following  concept  definition,  concept  de¬ 
velopment,  and  detailed  design,  we  will 
fabricate  and  deliver  a  demonstrator  to 
ARDC  for  testing.  We  will  develop  a  weapon 
with  the  following  characteristics: 

1.  Weigh  9,000  pounds  or  less  (to  be 
transported  by  the  modified  Black- 
hawk  helicopter) 

2.  Fire  the  155-mm  ammunition  pres¬ 
ently  in  U.S.  Army  stockpiles,  as 
well  as  improved  ammunition  pres¬ 
ently  under  development 


that  can  be  airlifted  for  remote  emplace¬ 
ment  by  a  modified  Blackhawk  helicopter. 
Therefore,  the  following  requirements  must 
be  met: 

1.  Meet  or  exceed  the  performance  of 
the  present  M19S  Towed  Howitzer 
(which  is  too  heavy  to  be  airlifted 
by  a  UH-6Q  Blackhawk  helicopter 
BIk  1  Mod),  and  exhibit  the  same  or 
greater  stability. 

2.  Fire  all  155-mm  ammunition  pres¬ 
ently  in  stock  (i.e.,  projectiles, 
fuzes,  and  charges),  and  be  capable 
of  accepting  modular  charges 
presently  under  development. 

3.  Be  towable  by  the  family  of  tactical 
trucks  presently  in  the  U.S.  Army 
inventory. 

4.  Operate  with  the  same  or  smaller 
crew  size  as  the  M198  Towed 
Howitzer. 

2.2.2  Physical  Characteristics 

The  LTHD  must  meet  the  lift  limitations  of 
a  modified  Blackhawk  helicopter.  The 
system  must  also  be  capable  of  performing 
properly  in  the  ambient  situations  specified 
for  U.S.  Army  field  equipment.  The  weapon 
must  be  able  to  withstand  the  rigorous 
treatment  of  off-the-road  towing,  and  must 
possess  these  characteristics: 

1.  Weight  of  9,000  pounds  or  less 

2.  Range  of  24  km,  unassisted;  30  km 
with  rocket-assisted  projectiles 

3.  Chamber  pressure  not  in  excess  of 
50,000  psi 

4.  Elevation  range  of  -90  to  1,280  mils 

5.  Height  and  width  not  exceeding  that 
of  the  M198  Towed  Howitzer 

6.  Impulse  to  the  recoil  mechanism  not 
exceeding  12,500  pound  seconds 

7.  Crew  protection  from  excessive 
noise  or  blast  overpressure 
(MIL-STD-1474) 

8.  Operation  within  the  requirements 
of  MIL-STD- 1472 


Options  such  as  extended  range  through 
higher  chamber  pressure,  more  powerful 
charges,  longer  gun  tube,  adaptation  of 
future  innovative  recoil  technology,  and 
possible  further  weight  reductions  will  be 
considered  and  applied  whenever  feasible  or 
practicable  within  potential  schedule  or 
performance  risks. 

2.2.3  Operational  Considerations 

Developing  a  weapon  system  requires  a 
detailed  understanding  of  the  environment 
in  which,  and  the  conditions  under  which,  it 
is  expected  to  perform.  Because  the  weapon 
is  planned  for  use  with  the  Light  Infantry 
Division,  the  assignment  to  a  Rapid  De¬ 
ployment  Force  (RDF)  mission  is  likely.  As 
this  assignment  could  take  the  weapon  to 
any  part  of  the  world  and  would  require  the 
weapon  to  function  reliably  under  anv 
climatic  conditions,  special  emphasis  will  be 
given  to  design  for  these  encounters. 

Designing  a  155-mm  weapon  system  with  a 
w'eight  far  below  anything  presently  in  any¬ 
one's  arsenal,  yet  capable  of  performing 
equal  to  or  better  than  existing  systems, 
will  require  innovative  design  efforts.  Our 
proposed  concept  employs  an  unconventional 
configuration  that  takes  advantage  of  new 
approaches.  This  unconventional-looking 
system  will,  however,  provide  the  low-risk 
development  demanded  by  the  stringent 
schedule,  and  does  consist  of  a  judicial  mix 
of  innovative  technology  and  conventional 
proven  components.  There  will  be  room  for 
further  developments  as  the  system  pro¬ 
gresses  through  advanced  stages  of  design. 

2.2. 3.1  Deployment 

The  system  will  conceivably  be  deployed 
within  the  RDF  by  airlifting  the  weapon, 
crew,  and  ammunition  to  the  emplacement 
point.  The  unit  will  continue  to  depend  on 
airlifted  supplies  until  ground-based  routes 
to  the  battery  position  can  be  established, 
and  wheeled  or  tracked  vehicles  arrive. 
Under  these  conditions,  the  crew  and 
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weapon  could  be  exposed  to  hostile  fire  with 
very  limited  capability  to  displace  to 
another  position.  Remote  deployment  under 
these  conditions  requires  a  reliable  weapon 
system  with  "fail  soft"  capability  (i.e.,  to  be 
usable  even  with  reduced  performance). 
Maintenance  will,  to  a  certain  extent,  be 
conducted  by  the  crew  instead  of  a  far- 
removed  support  unit.  The  crew  would  also 
have  to  move  ammunition  not  directly  de¬ 
posited  into  the  weapon  firing  position. 

This  emplacement  scenario  will,  of  course, 
substantially  increase  the  risk  of  losing  the 
weapon.  The  only  assistance  would  be  from 
those  helicopters  that  are  Light  Infantry 
Division  assets  and  are  also  used  to  fly  com¬ 
bat  missions  and  provide  airlifted  resupply. 
Another  possibility  would  be  a  new  type  of 
towing  vehicle  that  would  be  light  enough 
(i.e.,  weigh  less  than  9,000  pou  ds  and  also 
tow  9,000  pounds)  to  be  airlifted  during  a 
second  wave  deployment.  However,  the 
tradeoff  remains  the  availability  of  fire 
support  by  155-mm  caliber  howitzers  with 
superior  range  and  projectile  payload  capa¬ 
bility  requiring  the  UH-60  (Blk  1  Mod)  or  a 
towing  vehicle  to  change  position,  or  a  much 
lighter  105-mm  system  which  could  possibly 
be  moved  by  the  crew  unassisted  by  a 
towing  vehicle. 

The  system  could  also  be  deployed  in  the 
conventional  towed  artillery  method  by 
being  hauled  into  position  by  a  vehicle  which 
would  also  act  as  an  ammunition  support 
vehicle  as  needed.  Therefore,  the  LTHD  can 
be  a  replacement  for  heavier  towed  howit¬ 
zer  systems  of  identical  caliber. 


2.2. 3.2  Operation  and  Maintenance 
Considerations 

Operating  and  maintaining  military  equip¬ 
ment  requires  special  consideration  by  the 
designer  to  allow  the  operator  and  main- 
tainer  to  perform  their  tasks  under  adverse 
conditions. 

Operation  of  equipment  can  be  made  easier 
by  providing  easy  access  to  handles,  wheels, 
controls,  indicators,  etc.,  and  by  ensuring 
tasks  can  be  accomplished  without  excessive 
-  exertion.  These  human  design  criteria  must 
fall  within  the  range  of  human  capabilities 
of  the  5th  to  95th  percentile  of  the  U.S. 
Army  population.  Equipment  must  be  laid 
out  to  achieve  efficient  operation.  Although 
this  may  be  a  function  of  task  assignment,  it 
has  been  and  will  continue  to  be  considered 
during  weapon  design.  Design  of  operational 
features  will  require  the  continued  in¬ 
volvement  of  human  factors  engineering  to 
optimize  system  effectiveness. 

In  a  similar  fashion,  maintenance,  at  least 
that  portion  of  it  that  is  expected  to  be 
performed  in  the  field  away  from  mainte¬ 
nance  facilities,  must  be  easily  accom¬ 
plished.  The  use  of  common  tools  and  simple 
procedures  must  be  considered  to  allow  a 
rapid  return  to  the  mission  should  mainte¬ 
nance  become  necessary. 

These  considerations  may,  in  some  cases, 
lead  to  simple  and  easy  replacement  of 
modular  subsystems  that  require  compli¬ 
cated  maintenance  at  proper  facilities  (a 
tradeoff  for  ease  of  maintenance  in  the 
field,  particularly  in  remote  locations). 
Supply  of  replacements  could  be  accom¬ 
plished  similar  to,  or  in  conjunction  with, 
ammunition  resupply. 
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Section  3 
System  Concept 


The  FMC  Lightweight  Towed  Howitzer 
Demonstrator  (LTHD),  providing  Ml 98 
performance  and  stability  in  a  9,000- 
pound  package  with  a  conventional 
recoil  mechanism,  is  also  compatible 
with  the  FMC  Artillery  Recoil  Mech¬ 
anism  (ARM)  concept. 


This  section  describes  our  design  approach 
and  concepts  for  the  LTHD  and  is  divided 
into  these  areas: 

1.  A  summary  of  the  evolution  of  the 
concept,  problems,  alternatives,  and 
analyses  employed  to  arrive  at  the 
solution  (paragraph  3.1) 

2.  A  brief  overview  followed  by  a 
description  of  the  LTHD  from  the 
operational  perspective  (paragraph 
3.2) 

3.  Detailed  descriptions  of  the  cannon, 
carriage,  and  fire  control  systems 
(paragraph  3.3) 

This  descriptive  approach  will  provide 
adequate  background  for  understanding  our 
concept  design  decisions  and  will  also  pro¬ 
vide  sufficient  detail  for  evaluating  our 
concept  design. 


3.1  CONCEPT  EVOLUTION 


The  unique  requirements  of  ultralight 
towed  artillery  are  combined  with 
composite  technology  through  a  con¬ 
cept  evaluation  framework  to  create 
the  FMC  LTHD. 


Long-range  large-caliber  weapons  tend  to  be 
heavy  for  good  reasons  (e.g.,  firing  stability 
and  reduced  recoil  forces).  Therefore,  the 
successful  designer  of  a  lightweight  long- 
range  large-caliber  weapon  will  have  to 
carefully  consider  all  the  ramifications  of 
this  ultralight  requirement  in  all  stages  of 
the  problem  solution  process:  definition, 
generation,  evaluation,  and  implementation. 

3.1.1  The  Problem 

Defining  the  problem  from  the  viewpoint  of 
the  procurement  agency,  vendors,  and  users 
will  be  vital  to  the  success  of  the  project. 
However,  creating  new  concepts  is  pointless 
if  the  underlying  problems  are  ill-defined  or  j 
completely  overlooked. 

Our  primary  objectives  for  the  LTHD  pro¬ 
gram  include: 

1.  Developing  an  LTHD  that  weighs 
9,000  pounds 

2.  Providing  M198  performance  and 
stability 
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3.  Being  cost-effective  and  timely 
during  the  demonstrator  phase 

4.  Using  minimal  sole  sources  during 
production 

5.  Not  increasing  blast  overpressure  or 
reducing  operations  effectiveness 

Before  detailing  the  primary  objectives,  we 
will  describe  these  elements  of  the  problem: 


1. 

Weight  reduction  and  stability 

2. 

Stability  and  recoil  force  reduction 

3. 

Stability,  trunnion  height,  and  trail 
length 

4. 

Necessary  weight  reduction 

5. 

Recoil  mass  reduction 

6. 

Weight  reduction  and  slide  avoidance 

7. 

Operations 

8. 

Towing 

9. 

Deployment 

10. 

Environmental  constraints 

3.1. 1.1 

Weight  Reduction  and  Stability 

Two  conditions  must  be  considered  if  we 
assume  that  incorporating  a  few  simple 
material  changes  could  provide  an  Ml 98 
structure  that  weighs  9,000  pounds  and  that 
retains  its  current  firing  range  of  155-mm 
conventional  and  improved  munitions: 

1.  The  M203  impulse  should  be  valued 
at  12,500  pound  seconds  rather  than 
the  nominal  figure  of  roughly  11,980 
pound  seconds  generally  used. 

2.  The  minimum  design  quadrant 
elevation  (QE)  for  this  maximum 
charge  should  be  0  rather  than  the 
270  mil  limit  currently  in  effect  per 
the  Ml 98  Specification  (Revision  1, 
April  1981,  page  63). 


To  regain  stability,  we  have  three  basic 
choices: 

1.  Reduce  the  recoil  force. 

2.  Drop  the  trunnion  height. 

3.  Lengthen  the  trails. 

3. 1.1. 2  Stability  and  Recoil  Force 
Reduction 

Many  recoil  force  reduction  methods  have 
been  evaluated.  They  all  have  one  charac¬ 
teristic  in  common — when  something  is 
gained,  something  else  is  lost.  The  four 
basic  approaches  are  as  follows: 

1.  Using  recoilless  artillery 

2.  Using  muzzle  brakes 

3.  Using  soft  recoil 

4.  Increasing  conventional  recoil  stroke 

3. 1.1. 2.1  Using  Recoilless  Artillery 

Recoilless  artillery  reduces  the  recoil  to 
zero,  while  significantly  reducing  range  for 
a  given  charge  and  projectile.  However, 
because  the  Ml 98  projectiles,  charges,  and 
ranges  must  be  maintained,  the  relatively 
inefficient  recoilless  option  can  be  im¬ 
mediately  dismissed. 

3. 1.1. 2.2  Using  Muzzle  Brakes 

Muzzle  brakes  significantly  reduce  recoil 
forces  at  the  expense  of  overpressure 
exposure  to  the  crew.  Concern  over  the 
maximum  allowable  blast  overpressure  an 
Ml 98  crew  can  tolerate  has  led  FMC  to 
view  the  MI98  muzzle  brake  as  the  upper 
limit  for  U.S.  towed  artillery,  at  least  in  the 
LTHD  timeframe. 
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However,  incorporating  the  above  con¬ 
ditions  would  inadvertently  create  an  un¬ 
safe  weapon.  The  weight  of  the  howitzer  is 
no  longer  sufficient  to  hold  it  down  during 
firing.  Figure  3-1  illustrates  the  firing 
stability  problem. 


3. 1.1. 2. 3  Using  Soft  Recoil 

Soft  recoil  expands  the  time  over  which  the 
recoil  force  can  be  applied,  resulting  in 
more  effective  use  of  the  stroke  but  com¬ 
plicating  the  consequences  of  cookoff  and 
misfire.  These  consequences  result  in  the 
use  of  procedures  that  vary  with  charge  and 


«HMg 


£  O 

tv 


N 

Is 

* 


US' 

■Ov 


55? 


sensitivity  to  ignition  delay  variances.  If  a 
NATO  primer  is  used,  we  must  use  pro¬ 
cedures  which  vary  with  temperature  and 
country  of  origin. 

Progress  in  the  technologies  that  support 
soft  recoil  is  encouraging  but  difficult  to 
assess  with  respect  to  the  overall  prob¬ 
ability  of  success.  FMC  views  soft  recoil  as 
an  important  concept  to  continue  evalu¬ 
ating,  but  feels  it  is  too  unpredictable  to 
include  in  the  LTHD  portion  of  the  Light¬ 
weight  Indirect  Fire  Weapon  System  (LIFWS) 
Project  at  this  time. 


3. 1.1. 2.4  Increasing 
Stroke 


Conventional  Recoil 


(figure  3-2)  and  facilitates  conventional 
handling  of  cookoff  and  misfire.  However, 
increasing  the  conventional  recoil  stroke 
increases  weight  and  the  chance  that  sealing 
problems  could  occur. 

Progress  in  the  field  of  high-pressure  high- 
velocity  hydraulic  seals  has  increased  the 
upper  limit  on  recoil  stroke.  Progress  in  the 
area  of  totally  composite,  high-pressure 
hydraulic  cylinders  for  use  in  U.S.  aircraft 
has  paved  the  way  to  long  recoil  cylinders 
that  weigh  less. 

FMC  views  increasing  recoil  stroke  as  the 
lowest  risk  method  to  regain  stability 
through  recoil  force  reduction. 
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Increasing  conventional  recoil  stroke 
reduces  the  necessary  retarding  force 
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Figure  3-2.  FIRING  STABILITY  CAN  BE  IMPROVED  by  increasing  recoil  stroke. 
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3. 1.1. 3  Stability, 
Trail  Length 


Trunnion  Height,  and 


Reducing  the  trunnion  height  has  the  most 
significant  impact  on  stability  and  the  least 
significant  impact  on  weight.  For  example, 
reducing  the  M198  trunnion  height  from  4  to 
2  feet  is  equivalent  to  increasing  the  recoil 
stroke  from  70  to  140  inches  or  lengthening 
the  trails  from  roughly  20  to  40  feet. 
Secondly,  reducing  the  trunnion  height 
serves  to  align  the  load  path  and  reduce 
structure  stresses,  thereby  reducing 
structure  weight.  However,  reducing  the 
trunnion  height  also  makes  loading  more 
difficult  and  further  limits  the  recoil  stroke 
with  a  conventional  configuration. 


3. 1.1. 4  Necessary  Weight  Reduction 


Assuming  a  9,000-pound  M198  can  be  made 
stable  through  a  combination  of  recoil  force 
reduction,  reduced  trunnion  height,  and 
lengthened  trails,  we  must  first  determine  if 
the  necessary  weight  reduction  (with  a 
derivative  of  the  Ml 98  configuration)  is 
achievable.  The  recoiling  mass  of  the  Ml 98 
is  7,000  pounds.  The  nonrecoiling  mass  of 
the  Ml 98  is  8,600  pounds;  the  nonrecoiling 
mass  of  the  LTHD  (assuming  the  same 
recoiling  mass  as  the  Ml 98)  is  2,000  pounds. 
Thus,  the  nonrecoiling  mass  must  be  reduced 
from  8,600  to  2,000  pounds  to  achieve  a 
system  weight  of  9,000  pounds.  This 
reduction  would  necessitate  an  average 
weight  reduction  in  the  nonrecoiling  mass  of 
77  percent.  Although  not  impossible,  such  a 
reduction  would  be  prohibitively  expensive. 


Another  solution  would  be  the  adoption  of  a 
modern,  lightweight  configuration  such  as 
the  Li  19  howitzer.  The  LI  19  howitzer  has  a 
system-to-projectile  weight  ratio  of  1,858 
to  16  kg  (or  116  to  1).  Applying  this  ratio  to 
the  M198  (and  using  a  103-pound  projectile), 
we  arrive  at  11,950  pounds  (103  multiplied 
by  116),  which  is  roughly  halfway  between 
the  15,760-pound  M198  and  the  9,000-pound 
requirement.  (This  comparison  is  a  little 
misleading,  because  the  LI  19  range  is  less 


than  that  of  the  Ml 98,  but  it  illustrates  the 
fact  that  the  Ml 98  is  already  a  fairly 
weight-efficient  design,  even  by  current 
standards.) 


Both  the  Ml 98  and  the  LI  19  were  designed 
to  be  built  with  metal.  Today's  composite 
materials  technology  is  promising  and  is 
starting  to  provide  lightweight  systems. 
However,  reconfiguring  conventional 
(metal-based)  systems  to  capitalize  on  the 
properties  unique  to  composites  is  fre¬ 
quently  necessary. 


FMC  feels  that  an  unconventional  con¬ 
figuration,  developed  in  harmony  with  com¬ 
posite  materials  and  optimum  recoil  force, 
trunnion  height,  and  trail  length,  will  pro¬ 
vide  the  most  cost-effective  LTHD. 


3. 1.1.5  Recoiling  Mass  Reduction 


Reducing  the  weight  of  the  cannon  (the 
most  massive  item  in  the  howitzer)  seems 
logical.  However,  reducing  the  weight  of  the 
cannon  increases  the  recoil  force  (figure 
3-3),  which  worsens  stability  and  enlarges 
the  structure.  Secondly,  reducing  the  re¬ 
coiling  mass  increases  recoil  velocity.  This 
recoil  velocity  will  necessitate  a  higher 
muzzle  velocity  relative  to  the  barrel  to 
maintain  the  muzzle  velocity  relative  to  the 
ground  in  order  to  maintain  Ml 98  range. 


FMC  feels  a  weight-reduced  cannon  will 
probably  be  necessary,  but  the  weight 
reduction  should  be  balanced  against  the 
increase  in  structural  weight  caused  by 
higher  recoil  forces  and  resultant  structural 
loads. 


3.1. 1.6  Weight 
Avoidance 


Reduction  and  Slide 


A  more  subtle  problem,  sometimes  r- h  rred 
to  as  horizontal  displacement  or  slide,  also 
exists.  Reducing  howitzer  weight  increases 
slide.  The  mechanism  is  similar  to  that  of 
recoil. 
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Figure  3-3.  FIRING  STABILITY  IS  REDUCED  by  reducing  recoiling  mass 


The  recoiling  mass  is  joined  to  the  non¬ 
recoiling  mass  with  the  recoil  mechanism. 
(The  nonrecoiling  mass,  in  reality,  also 
recoils.)  This  pseudo-nonrecoiling  mass  is 
joined  to  the  true  nonrecoiling  mass  (earth) 
by  the  spade-soil  mechanism.  Thus,  just  as 
reducing  the  recoiling  mass  increases  the 
stroke  necessary  to  hold  the  recoil  force  at 
the  same  level  (figures  3-3  and  3-2,  re¬ 
spectively),  reducing  the  pseudo-non¬ 
recoiling  mass  increases  the  stroke  of  the 
spade-ground  mechanism  (constant  spade 
area,  constant  resisting  force).  This  is  slide. 
Thus,  reducing  howitzer  weight  increases 
slide. 

To  maintain  the  same  slide  as  the  M198 
within  the  same  ground  conditions,  the 
spade  effectiveness  must  increase.  The 
primary  measure  of  spade  effectiveness  is 
spade  area.  FMC  feels  spade  area  will  have 
to  increase  in  such  a  manner  that  weight 
and  emplacement/displacement  times  are 
reduced. 

3. 1.1. 7  Operations 

During  the  conceptual  process  of  solving  all 
mechanical  problems,  we  must  remember 
that  a  variety  of  people  must  be  able  to 
operate  the  LTHD  at  midnight,  with  no 
moon;  in  mud,  with  freezing  rain  driven  by  a 
high  wind;  and  in  subzero  temperatures. 
Secondly,  component  failures  and  crew 
reductions  must  have  a  "soft"  impact  upon 
system  operation,  whenever  possible, 
especially  in  functions  critical  to  mission 
objectives. 

3. 1.1. 8  Towing 

Stability  generally  refers  to  firing  stability. 
However,  towing  stability  problems  can  also 
be  as  serious  as  firing  stability  problems. 
Unfortunately,  weight  reduction  tends  to 
worsen  towing  stability  problems. 

Both  solid  suspension  systems  and  small 
tires  save  weight,  but  small  tires  require 
high-inflation  pressures.  These  high- 
inflation  pressures  only  serve  to  stiffen  the 
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ground  engagement  and  aggravate  the 
problems  caused  by  a  solid  suspension.  If 
small  tires  with  high-inflation  pressure  are 
used,  the  contribution  the  LTHD  can  make 
to  the  rapid  deployment  force  (RDF)  could 
be  nullified  by  an  inability  to  survive  towing. 

FMC  views  towing  stability  equal  in  impor¬ 
tance  to  firing  stability.  The  suspension 
system  or  ground  engagement  will  have  to 
be  softer  than  the  Ml 98. 

3. 1.1. 9  Deployment 

Weight  is  critical  to  tactical  (helicopter) 
deployment.  Tactical  deployment  by  the 
UH-60  helicopter  (modified  to  achieve 
9,000-net  lift  capacity)  is  the  driver  of  the 
weight  reduction.  Weight  reduction  is  the 
driver  of  the  LTHD.  We  have  assumed  that 
the  slings  are  not  included  in  the 
9,000-pound  howitzer  specification;  the 
actual  hook  load  will  be  9,000  pounds  plus 
the  weight  of  the  slings  and  necessary 
rigging.  Aerodynamic  stability  of  the 
howitzer,  while  important,  is  viewed  as  a 
relatively  minor  consideration  at  this  point. 

Vertical  shock  loading,  overall  width,  and 
height  are  critical  to  successful  strategic 
deployment.  Vertical  shock  loading  due  to 
ground  impact  from  air-drop  will  produce  15 
through  20  g's  on  the  structure. 

The  Cl 30  presents  the  greatest  constraints 
upon  overall  stowed  dimensions.  Width  and 
height  are  the  most  critical. 

The  110-inch  wide  creates  Cl 30  loading 
problems.  When  narrow  tires  are  put  on,  the 
width  is  reduced  to  99  inches,  but  the  in¬ 
flation  pressure  must  increase  from  45  to 
100  psi,  thus  creating  a  towing  stability 
problem.  The  fact  that  these  tires  are  not 
standard  complicates  the  logistics  aspect  of 
the  RDF  mission. 

The  height  of  the  howitzer  is  critical;  the 
howitzer  must  clear  the  exit  opening  as  the 
howitzer  tips  and  slides  down  the  ramp 
during  extraction  from  the  Cl  30  by 
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parachute.  This  height  constraint  is  more 
critical  than  that  imposed  by  the  747's 
lower  ceiling,  because  cargo  is  not 
extracted  from  the  747. 

The  Cl 30  can  handle  an  object  that  is  40- 
feet  long.  However,  if  the  howitzer  is 
winched  on,  the  maximum  length  of  the 
howitzer  must  be  reduced  by  roughly  2  feet. 

The  combination  of  M198  lunette  load  and 
Cl 30  ramp  capacity  creates  a  problem  with 
loading:  the  2.5-ton  truck  which  must  be 
used  (to  stay  under  the  ramp  limit)  is  being 
phased  out.  The  elimination  of  this  truck 
creates  a  logistics  problem.  This  high  lu¬ 
nette  load  should  be  avoided  if  possible. 

FMC  feels  that  the  LTHD  should  meet  these 
towing  and  transportation  criteria: 

1.  The  LTHD  must  be  narrower  than 
the  Ml 98. 


ENVIRONMENTAL  REQUIREMENTS 

REQU 1 REMENT 

SPECIFICATION 

OPERATING  TEMPERATURE 

-25  DEGREE  F  TO  + 1  SO  DEGREE  F 

storage  TEMPERATURE 
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FUEL 

PER  VV-F-800,  Ml L-T-5S24,  1  MIL-G-3056,  AND  MIL-F-I6884 

HYDRAULIC  FLUID 

PER  STANDARD  FIRE  RETARDENT  SPEC.  M I L-5TD-6083D 

CLEANING  AGENTS 

PER  P-C-437 

CLEANING  SPRAY 
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DUST 

PER  M l L-STD-8 1 0D,  METHOD  510,  PROCEDURE  1 

TEMPERATURE  SHOCK 

PER  Ml L-STD-8 I0D,  METHOD  503 

WATERPRQO^NESS 

PER  M 1 L-STO-8 1 00,  METHOD  512.2 

Figure  3-4.  ENVIRONMENTAL  REQUIREMENTS  SHOULD  BE  EXPANDED  to  include  fire 
retardancy— a  necessary  consideration  when  composite  materials  are  involved. 


2.  The  lunette  load  in  the  stowed  con¬ 
figuration  should  be  significantly 
reduced. 

3.  Standard  tires  and  rims  should  be 
used  if  possible.  High-Mobility 
Multipurpose  Wheeled  Vehicle 
(HMMWV)  components  should  be 
used,  if  possible. 

3.1.1.10  Environmental  Constraints 

Figure  3-4  summarizes  the  environmental 
constraints.  Proper  sealing  joint  design  and 
careful  selection  of  coating  materials  will 
provide  -  the  necessary  waterproofness  and 
resistance  to  humidity,  fuel,  hydraulic  fluid, 
cleaning  agents,  and  cleaning  spray.  Sec¬ 
ondly,  the  configuration  will  eliminate  those 
"hidden  corners"  that  cannot  be  thoroughly 
cleaned  in  the  event  of  contamination. 


Finite  element  analysis  at  the  system  level, 
in  conjunction  with  material  selection  at  the 
component  level,  will  address  temperature, 
shock,  and  vibration  requirements.  Com¬ 
posites  have  an  advantage  over  metals  in 
vibration  and  shock;  composites  can  vary 
their  damping  capability. 

Particular  attention  to  oil  reservoir 
breathers  will  achieve  the  necessary  re¬ 
sistance  to  dust. 

Use  of  composites  will  also  require  con¬ 
sideration  of  fire-retardant  properties. 

3.1.2  Generation  of  Alternatives 

The  generation  of  a  broad  range  of  alter¬ 
natives  is  critical  to  the  success  of  any 
unique  opportunity  that  demands  an  uncon¬ 
ventional  solution.  The  LTHD  presents  such 
an  opportunity. 

Our  initial  approach  produced  a  number  of 
basic  concepts.  Concerned  about  the  pos¬ 
sibility  that  the  optimum  was  not  in  the  set 
of  alternatives,  we  broke  down  the  howitzer 
configuration  into  fundamental  functional 
elements  (figure  3-5).  These  elements  were 
ground  engagement,  elevation,  and  traverse. 
Viewing  the  LTHD  in  this  manner  greatly 
expands  the  number  of  alternatives  to  144. 
Figure  3-6  lists  these  alternatives. 

3.1.3  Evaluation  of  Alternatives 

Evaluation  of  alternatives  requires  skillful 
application  of  a  broad  range  of  analytical 
tools.  Excessive  attention  to  detail  will 
"miss  the  forest  for  the  trees,"  while  too 
little  will  "spot  you  in  the  wrong  forest." 

The  initial  layers  of  evaluation  were  pri¬ 
marily  qualitative.  Previous  discussions  with 
Army,  Navy,  and  international  howitzer 
designers;  users;  and  vendors  provided  us 
with  an  understanding  for  areas  to  avoid  and 
areas  to  pursue  and  an  understanding  for  the 
difference  between  nice  and  needed. 


Figure  3-7  shows  a  few  of  the  basic  con¬ 
figurations  considered.  The  unconventional 
configurations,  compared  to  the  conven¬ 
tional  configurations  (e.g.,  Ml  14,  Ml 98,  and 
M204),  tended  to  be: 

1.  More  compatible  with  composite 
construction 

2.  Capable  of  increased  recoil  strokes 

3.  Equipped  with  more  weight  efficient 
structures 

4.  Harder  to  load 

5.  Harder  to  equilibrate 

The  most  relentless  issue  was  that  the  most 
promising  concepts  aligned  the  firing  load 
path  with  a  low  trunnion  height.  Both  ham¬ 
per  manual  breech  access  and  trunnion 
accessibility,  making  the  weapon  harder  to 
load  and  lay.  Drawing  on  our  mechanical 
breech  access  and  electronic  tube  laying 
experience,  we  began  to  focus  on  the  pos¬ 
sibility  of  a  manually  operated,  mechani¬ 
cally  assisted  breech  and  an  electronic 
laying  aid  to  address  these  issues. 

3.1.4  Solution 

A  summary  of  the  characteristics  that  led 
to  our  choice  of  the  configuration  for  the 
FMC  LTHD  is  shown  in  figure  3-8. 

The  FMC  LTHD,  relative  to  the  other  un¬ 
conventional  configurations,  leads  to: 

1.  Improved  load  path  at  both  high  and 
low  OE's 

2.  Compatibility  with  the  FMC  ARM 

3.  An  allowance  for  minimum  trunnion 
height 

4.  A  balanced  weight  distribution  that 
results  in  one-third  of  the  system 
weight  holding  the  spade  in  the 
ground 
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NOTE:  A  model,  fabricated  to  1/12 
scale  to  provide  a  hands-on 
demonstration,  is  available  by 
request. 

3. 1.4.1  Analytical  Approach 

Our  evaluation  became  increasingly  quan¬ 
titative.  Sketches  became  shapes  within 
Digital's  VAX  computer,  via  GEOMOD 
(software  particularly  well  suited  to  geo¬ 
metric  analysis).  The  most  weight-strength 
critical  parts  were  further  analyzed  using 
ANSY5,  a  software  capable  of  determining 
stresses  within  complex  shapes  made  of 
materials  with  properties  that  vary  with 
orientation  (composites). 

Specific  performance  items  (e.g.,  interior 
ballistics,  recoil  force  profiles,  firing  sta¬ 
bility,  and  elevation/depression  rates)  were 
handled  on  the  Control  Data  Corporation 
Cyber,  IBM  3270,  and  IBM  personal  com¬ 
puters.  Custom  programs  have,  when  ad¬ 
vantageous,  been  written  to  provide  as  much 
flexibility  as  practical. 

A  number  of  iterations  at  the  system  and 
component  levels,  in  the  areas  outlined 
below,  sized  this  preliminary  concept  of  the 
FV1C  LTHD.  The  three  primary  inputs  to 
this  process  were: 

1.  The  optimal  recoiling  mass  (para¬ 
graph  3.3.1) 

2.  The  optimal  retarding  force  (para¬ 
graph  3. 3. 2. 3) 

3.  The  optimal  configuration  providing 
for  an  optimal  overall  solution 
(covered  in  each  paragraph  as  the 
parameters  considered  are  covered) 

The  primary  output  was  firing  stability. 
Figure  3-9  shows  a  summary  of  the  solution 
elements  that  regained  Ml 98  stability  and 


their  relative  impact.  A  more  detailed  de¬ 
scription  of  these  elements  and  their  re¬ 
lationship  to  the  primary  objectives,  as 
defined  in  paragraph  3.1.1,  is  shown  in 
figure  3-10. 

3. 1.4. 2  Stability  Analysis 

A  digital  model  was  developed  to  analyze 
firing  stability.  This  model  takes  these 
variables  into  account: 

1.  Moving  CG  of  recoiling  mass 

2.  Stationary  CG  of  nonrecoiling  mass 

3.  Resultant  changing  moment  of 
inertia 

4.  QE 

5.  Traverse 

6.  Emplacement  on  an  upgrade 

7.  Emplacement  on  a  side  slope 

Figure  3-1 1  shows  the  LTHD  stability  for 
the  case  of  zero  QE,  level  ground,  and  cen¬ 
tered  traverse  for  both  the  nominal  M203 
(with  Ml 98  muzzle  brake  beta  set  at  9.70) 
and  the  12,500  pound  seconds  input.  The 
stabilizing  moment  (weight  holding  the 
howitzer  down)  is  greater  than  the 
overturning  moment  (trunnion  forces  trying 
to  tip  the  howitzer  over)  at  all  points  of  the 
recoil  stroke. 

We  refer  to  the  difference  between  the 
stabilizing  moment  and  the  overturning 
moment  as  the  safety  moment.  Figure  3-12 
illustrates  how  the  safety  moment  is  af¬ 
fected  by  side  slope,  upgrade,  elevation,  and 
traverse  variations. 

The  stability  model  is  currently  being  up¬ 
graded  to  account  for  system  elasticity  and 
joint  clearances.  Analysis  to  this  point  has 
assumed  the  components  are  rigid  and  com¬ 
ponent  joints  have  zero  clearance. 


A 


>  1-1.  CLASSIFYING  CONFIGURA- 
CONCEPTS  provides  a  framework  useful 
evolution  of  the  FMC  LTHD  concept. 


Classification  Scheme  for  Howitzer  Configurations  (Abstracted  From  Figure  3-5) 


Ground  Engagement  Mechanism 


G1  *  Mortar-style 

G2  *  Rearward  trails 

G3  *  Forward  trails 

G4  *  Forward  and  rearward  trails 


Elevation  Mechanism 
(Relative  to  Breech) 

El  *  In  front  of  (by  C6) 
E2  *  Beside 
E3  ■  Behind 
E4  -  Below  and  behind 
E5  ■  Four-Bar  linkage 
E6  =  Above  and  behind 


Traverse  Mechanism 
(Relative  to  Breech) 

T1  *  Below  and  in  front 
T2  *  Below 

T3  *  Below  and  behind 
T4  «  Above  and  below 
T5  *  One  behind 
T6  *  Two  behind 


Examples  of  Howitzer  Configurations  Using  Classification  Scheme 
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No. 
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No. 
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Get 

No. 
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G1 

El 

T1 
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G2 

El 
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37 

Ml  14 

G3 

El 

T1 

73 

G4 

El 

T1 

109 

G1 

El 

T1 

2 

G2 

El 

T2 

38 

G3 

El 

T2 

74 

G4 

El 

T2 

110 

G1 

El 

T3 

3 

G2 

El 

T3 

39 

G3 

El 

T3 

75 

G4 

El 

T3 

111 

G1 

El 

T4 

4 

G2 

El 

T4 

40 

G3 

El 

T4 

76 

G4 

El 

T4 

112 

G1 

El 

T5 

5 

G2 

El 

T5 

41 

G3 

El 

T5 

77 

G4 

El 

T5 

113 

G1 

El 

T6 

6 

G2 

El 

T6 

42 

G3 

El 

T6 

78 

G4 

El 

T6 

114 

G1 

E2 

T1 

7 

G2 

E2 

T1 

43 

G3 

E2 

T1 

79 

G4 

E2 

T1 

115 

G1 

E2 

T2 

8 

G2 

E2 

T2 

44 

M198 

G3 

E2 

T2 

80 

G4 

E2 

T2 

116 

G1 

E2 

T3 

9 

G2 

E2 

T3 

45 

G3 

E2 

T3 

81 

G4 

E2 

T3 

117 

G1 

E2 

T4 

10 

G2 

E2 

T4 

46 

G3 

E2 

T4 

82 

G4 

E2 

T4 

118 

G1 

E2 

T5 

11 

G2 

E2 

T5 

47 

G3 

E2 

T5 

83 

G4 

E2 

T5 

119 

G1 

E2 

T6 

12 

G2 

E2 

T6 

48 

G3 

E2 

T6 

84 

G4 

E2 

T6 

120 

G1 

E3 

T1 

13 

G2 

E3 

T1 

49 

G3 

E3 

T1 

85 

G4 

E3 

T1 
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G1 

E3 

T2 

14 

G2 

E3 

T2 

50 

G3 

E3 

T2 

86 

G4 

E3 

T2 
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G1 

E3 

T3 

15 

G2 

E3 

T3 

51 

G3 

E3 

T3 

87 

M204 

G4 

E3 

T3 

123 

G1 

E3 

T4 

16 

G2 

E3 

T4 

52 

FMC  Wedge 

G3 

E3 

T4 

88 

G4 

E3 

T4 

124 

G1 

E3 

T5 

17 

FMC  Mortar 

G2 

E3 

T5 

53 

G3 

E3 

T5 

89 

G4 

E3 

T5 

125 

G1 

E3 

T6 

18 

G2 

E3 

T6 

54 

G3 

E3 

T6 

90 

FMC 

LTHD 

G4 

E3 

T6 

126 

G1 

E4 

T1 

19 

G2 

E4 

T1 

55 

G3 

E4 

T1 

91 

G4 

E4 

T1 

127 

G1 

E4 

T2 

20 

G2 

E4 

T2 

56 

G3 

E4 

T2 

92 

G4 

E4 

T2 

128 

G1 

E4 

T3 

21 

G2 

E4 

T3 

57 

G3 

E4 

T3 

93 

G4 

E4 

T3 

129 

G1 

E4 

T4 

22 

G2 

E4 

T4 

58 

FMC  Pistol 

G3 

E4 

T4 

94 

G4 

E4 

T4 

130 

G1 

E4 

T5 

23 

G2 

E4 

T5 

59 

G3 

E4 

T5 

95 

G4 

E4 

T5 

131 

G1 

E4 

T6 

24 

G2 

E4 

T6 

60 

G3 

E4 

T6 

96 

G4 

E4 

T6 

132 

G1 

E5 

T1 

25 

G2 

E5 

T1 

G1 

G3 

E5 

T1 

97 

G4 

E5 

T1 

133 

G1 

E5 

T2 

26 

G2 

E5 

T2 

62 

G3 

E5 

T2 

98 

G4 

E5 

T2 

134 

G1 

E5 

T3 

27 

G2 

E5 

T3 

63 

G3 

E5 

T3 

99 

FMC 

Four 

G4 

E5 

T3 

135 

Bar 

G1 

E5 

T4 

28 

G2 

E5 

T4 

64 

G3 

E5 

T4 

100 

G4 

E5 

T4 

136 

G1 

E5 

T5 

29 

G2 

E5 

T5 

65 

G3 

E5 

T5 

101 

G4 

E5 

T5 

137 

G1 

E5 

T6 

30 

G2 

E5 

T6 

66 

G3 

E5 

T6 

102 

G4 

E5 

T6 

138 

G1 

E6 

T1 

31 

G2 

E6 

T1 

67 

G3 

E6 

T1 

103 

G4 

E6 

T1 

139 

G1 

E6 

T2 

32 

G2 

E6 

T2 

68 

G3 

E6 

T2 

104 

G4 

E6 

T2 

140 

G1 

E6 

T3 

33 

G2 

E6 

T3 

69 

G3 

E6 

T3 

105 

G4 

E6 

T3 

141 

G1 

E6 

T4 

34 

G2 

E6 

T4 

70 

G3 

E6 

T4 

106 

G4 

E6 

T4 

142 

G1 

E6 

T5 

35 

G2 

E6 

T5 

71 

G3 

E6 

T5 

107 

G4 

E6 

T5 

143 

G1 

E6 

T6 

36 

G2 

E6 

T6 

72 

FMC  Space 

G3 

E6 

T6 

108 

G4 

E6 

T6 

144 

Figure  3-6.  THIS  FRAMEWORK  results  in  144  conceptual  configurations. 
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Characteristics  Critical 
to  LTHD  Objectives 

Points 

Ml  14 

M198 

M204 

FMC 

Mortar 

Hedge 

Pistol 

Space 

Frame 

LTHD 

Four 

Bar 

Turret 

Height  of  Howitzer: 

!  Structure  compatibility 

15 

8 

10 

9 

15 

15 

15 

15 

15 

15 

12 

with  composites 

Height  efficiency  of 

10 

4 

5 

5 

10 

5 

5 

5 

8 

5 

5 

structure 

Low  QE  load  path 

5 

3 

3 

5 

0 

2 

5 

3 

3 

3 

2 

High  QE  load  path 
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5 

5 

5 

5 

5 

5 

5 

5 

3 

5 

(Subtotal) 

III) 

(20) 

(23) 

(24) 

(30) 

(27) 

(30) 

(28) 

(31) 

(26) 

(24) 

Firing  Stability  Hith 

Light  Structure: 

Minimum  trunnion  height 

15 

5 

5 

5 

15 

15 

10 

10 

15 

12 

10 

Longer  recoil 

15 

4 

5 

7 

15 

15 

10 

10 

15 

10 

15 

compatibility 

Compatibility  with  soft 

5 

3 

3 

5 

5 

5 

0 

0 

5 

5 

5 

recoil 

(Subtotal) 

(35) 

(12) 

(13) 

(17) 

(35) 

(35) 

(20) 

(M 

(35) 

(27) 

(30) 

Operations  Effectiveness: 

Attainability  of  zero  QE 

10 

10 

10 

10 

0 

10 

10 

10 

10 

10 

10 

Traverse  on  carriage 

5 

5 

5 

0 

0 

0 

5 

5 

5 

5 

5 

Precision  of  barrel  at 

5 

4 

5 

4 

5 

5 

0 

4 

5 

0 

5 

projectile  exit 

Crew  placement  for  blast 

5 

4 

4 

4 

5 

4 

4 

4 

5 

3 

5 

overpressure 

Manual  access  to  breech 

3 

3 

3 

3 

0 

2 

2 

2 

0 

2 

0 

(or  mechanical  access 

3 

0 

0 

0 

3 

0 

0 

0 

3 

0 

2 

If  manual  *  0) 

Equilibration  requirement 

2 

2 

1 

1 

0 

0 

1 

1 

0 

1 

0 

(Subtotal) 

(30) 

(28) 

(28) 

(22) 

mi 

(22) 

(23) 

(27) 

(28) 

(2D 

(27) 

Total 

100 

60 

64 

(63) 

78 

84 

73 

75 

94 

74 

81 

Figure  3-8.  A  WEIGHTED  COMPARISON  of  the  conceptual  configurations  resulted  in  the 
FMC  LTHD. 
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Figure  3-9.  SEVEN  STEPS  provide  the  FMC  LTHD  with  firing  stability. 
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Solution  Element 

Secondary  Objective 

Primary  Objective 

0. 

Use  Ml 98  baseline 

a. 

30-km  range 

PERFORMANCE 

1. 

Design  for  minimum  weight 

a. 

Concept  compatible  with 
composites 

WEIGHT  REDUCTION 

b. 

Use  composites  to  optimum 
degree 

LOW  RISK 

2. 

Drop  trunnion  height 

a. 

Reduce  overturning  moment 

FIRING  STABILITY 

50  percent 

during  low  QE  firing 

3. 

Maximize  recoiling  mass 

a. 

Hold  recoil  forces  to  minimum 
level  possible  for  stability 

FIRING  STABILITY 

b. 

Facilitate  use  of  conventional 
barrel  to  minimize  barrel  risk 

LOW  RISK 

4. 

Point  trails  forward 

a. 

Facilitate  balanced  weight 
distribution 

FIRING  STABILITY 

b. 

Soft  recoil  is  option 

FIRING  STABILITY 

c. 

Forward  pointing  trails  provide 
anti-hop  firing  suspension 

FIRING  STABILITY 

5. 

Balance  weight  distribution 

a. 

Increasing  weight  over  spade 
improves  holding  power  and 
stability 

FIRING  STABILITY 

b. 

Increasing  weight  on  forward 
trails  improves  anti-hop 
effectiveness 

FIRING  STABILITY 

6. 

Increase  spade  area 

a. 

Central  spade  reduces  slide 

FIRING  STABILITY 

b. 

Three  claws  enhance  spade  in 
soft  soil;  replace  spade  in 
hard  soil 

7. 

Lengthen  recoil  28  inches 

a. 

Further  reduce  recoil  force 
to  level  necessary  for  zero 
hop  at  less  risk  than  altering 
muzzle  brake 

FIRING  STABILITY 

Figure  3-10.  THE  SEVEN  STEPS  TOWARD  FIRING  STABILITY  provide  performance,  weight 
reduction,  and  low  risk. 
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Figure  3-1 1.  THE  FMC  LTHD  provides  a  good  margin  of  firing  stability 


3.2  SYSTEM  DESCRIPTION 


The  FMC  LTHD  goes  beyond  Ml  98 
specifications  in  critical  operational 
areas,  while  providing  an  8,500-pound 
howitzer  for  helicopter-only  movement. 


The  following  subparagraphs  provide  a 
working  understanding  of  the  FMC  LTHD. 
More  detailed  discussions  at  the  component 
level  are  reserved  for  paragraDh  3.3,  De¬ 
scription  of  Subsystems.  The  thumbnail 
sketch  of  the  LTHD  (paragraph  3.2.1)  pro¬ 
vides  sufficient  understanding  of  the  con¬ 
cept  to  embark  on  the  operational 
description  (paragraph  3.2.2). 

3.2.1  Overview 

The  emplaced  FMC  LTHD  is  shown  in  figure 
3-13.  The  configuration  can  be  likened  to  an 
engine  hoist.  Elevation  is  achieved  by 
raising  and  lowering  the  boom.  The  boom  is 
composed  of  two  slide  tubes  on  the  LTHD. 
The  load  is  the  cannon.  The  path  of  the 
cannon  during  recoil  is  defined  by  the  slide 
tubes.  The  cannon  and  the  slide  tubes  are 
joined  by  two  recoiling  yokes.  Traverse  is 
accomplished  by  mounting  the  boom  on  a 
swivel. 

Projectile  loading  is  accomplished  with  the 
load-tray  mounted  above  the  right  slide 
tube.  Projectiles  are  manually  pushed  up  the 
load-tray  with  the  permanently  attached 
load-staff  through  the  "right  window"  of  the 
platform.  When  ready  to  ram,  cannoneer  1 
swivels  the  load-tray  counterclockwise,  and 
the  projectile  rolls  into  the  ram-tube.  The 
ram-staff  is  inserted  through  the  "left  win¬ 
dow"  of  the  platform,  engages  a  "slider" 
(positioned  at  the  base  of  the  projectile), 
and  the  projectile  is  rammed.  Loading  is 
limited  to  525  mils  QE;  ramming  is  limited 
to  800  mils  QE.  The  resultant  rates  of  fire 
are  4  rounds  per  minute  to  525  mils,  2 


rounds  per  minute  to  800  mils,  and  1  round 
per  minute  at  1,275  mils. 

Howitzer  lay  is  maintained  with  the  Ml 98 
indirect  fire  control.  The  FMC  LTHD  plat¬ 
form  is  stationary,  whereas  the  M198  upper 
carriage  moves  in  azimuth.  Tube  lay  rela¬ 
tive  to  this  stationary  platform  is  done 
electronically  and  is  displayed  on  the  elec¬ 
tronic  laying  aids.  Elevation  and  traverse  of 
the  tube  are  accomplished  with  manually 
operated  hydraulic  pumps  (one  for  the 
gunner  and  one  for  the  assistant  gunner). 

Firing  forces  are  focused  into  an  integral 
firing  platform,  which  is  anchored  to  the 
ground  through  a  central  (hydraulically 
retractable)  spade.  This  layout  allows  us  to 
drop  the  trunnion  by  a  full  2  feet,  thus 
cutting  the  overturning  moment  in  half.  The 
forward  pointing  trails  place  one-third  of 
the  LTHD  weight  on  the  spade's  integral 
platform  to  improve  holddown  and  to  pro¬ 
vide  the  capability  to  convert  to  the  FMC 
ARM  without  major  redesign. 

For  towing,  the  cannon  is  depressed  onto  a 
dolly  and  secured  by  dolly  mounts.  These 
dolly  mounts  are  an  integral  part  of  the 
recoiling  yokes. 

For  more  detail  in  a  particular  area,  the  Bill 
of  Material  (figure  3- 1 4)  also  provides  an 
index  to  additional  views  of  specific 
components. 

3.2.2  Operational  Description 

This  paragraph  describes  these  areas  of 
operational  description: 

1.  Deployment 

2.  Emplacement 

3.  Firing 

4.  Speed  shift 

5.  Vulnerability  to  aerial  bursts 

6.  Displacement 
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r.’ 

a 


Weight 

Figure 

Item 

Mean 

SD 

Materia! 

Qty 

Number 

Assembly: 

8,972 

28 

1 

3-13 

Cannon: 

3,756 

12.73 

1 

Barrel  (4  l-caliber) 

2,600 

10 

Steel 

I 

3-31; 13 

Breech  (Ml 85  but  open 

800 

6 

Steel 

1 

3- 3 1 ;  1 3 

up) 

Breech  band 

105 

1 

Metal 

1 

3-31 

Breech  band  bearing 

6 

0.03 

Same  as  trunnion  bearing 

2 

3-31 

Muzzle  plug 

5 

0.02 

Plastic 

I 

MI 98  muzzle  brake 

240 

5 

Metal 

1 

3-3 1 ; 1 3 

with  pintle 

Carriage: 

5,216 

25.05 

1 

Structure: 

1,652 

21.54 

I 

Basic  issue  items 

150 

3 

Various 

1 

Claw— primary 

10 

0.30 

Metal 

1 

3-17 

Claw— secondary 

20 

0.60 

Metal 

2 

3-17 

Dolly: 

545 

20 

Composite/metal 

1 

3-32;  13 

Brakes 

Metal/rubber 

4 

Dolly  clamps 

Metal 

4 

HMMWV  tire 

Rubber/nylon 

4 

3-32 

HMMWV-- 

Aluminum  or  composite 

4 

3-32 

compatible  rim 

Strap  winch 

Metal/nylon 

1 

3-32 

Link-trail  positioning 

36 

0.50 

Metal 

2 

3-32 

Platform 

220 

5 

Composite/foam/metal 

1 

3-32;  1 3 

Safety  "chain" 

5 

0.02 

Steel/nylon 

1 

Skid  plate 

10 

0.01 

Composite  or  metal 

2 

3-32 

Spade 

200 

3 

Composite  or  titanium 

I 

3-32;  1 3,39 

Spade  bearing 

11 

0.03 

Same  as  trunnion  bearing 

2 

3-32 

Spade  mounting  shaft 

30 

0.25 

Composite 

1 

Spade  cylinder 

70 

1 

Metal/composite 

2 

3-32;  1  3,39 

Trail— left 

135 

3 

Composite/foam/metal 

1 

3-32 

Trail— right 

135 

3 

Composite/foam/metal 

1 

Trail  bearing 

5 

0.02 

4 

Traverse  bearings 

5 

0.02 

3 

Travel  lock— trail 

20 

0.20 

Metal 

2 

3-32 

portion 

Trunnion 

45 

1 

Composite/foam/metal 

1 

3-32 

Figure  3-14.  THE  BILL  OF  MATERIAL  includes  a  weight  budget,  which  accounts  for  the 
variation  in  component  weights  and  provides  an  average  weight  of  under  9,000  pounds.  (Sheet  I) 
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Weight 

Figure 

Item 

Mean 

SD 

Material 

Qty 

Number 

Slide: 

1,091 

6.06 

1 

Breech  cam 

45 

1 

Metal 

1 

3-35 

Carrier  for  projectile 

10 

0.10 

Composite 

1 

Elevation  yoke 

230 

2.50 

Metal/composite 

1 

3-35 

Front  recoiling  yoke 

130 

1.40 

Metal  or  composite 

1 

3-35;  13, 

16,32,37 

Load-tray: 

1 10 

3 

Composite/metal 

1 

3-35; 1 3 

Cleanout  cover 

Composite  or  metal 

1 

Loading  staff 

Composite/rubber 

1 

3-13 

Trav  lever 

Composite/rubber 

1 

Ramming  staff 

10 

0.10 

Composite/rubber 

1 

3-35; 1 3 

Rear  recoiling  yoke 

135 

1.50 

Metal  or  composite 

1 

3-35;  1 3,22,37 

Slide  tube 

360 

4 

Composite/foam/metal 

2 

3-35;  1 3,32 

Spacer,  recoiling  yokes 

50 

0.50 

Metal  or  composite 

2 

Trunnion  bearing 

11 

0.03 

Self-lube  spherical 

2 

3-35 

bearing 

Recoil  svstem: 

1,567 

10.51 

1 

Dolly  mounting 

20 

0.05 

Metal/rubber 

4 

3-35;  1 6,32 

bushing 

Forward  yoke: 

230 

2.50 

Metal  or  composite 

1 

3-37 ; 1 3,32 

Firing  lock 

30 

0.40 

Metal 

2 

3-37 

mechanism 

Into  battery  cushion 

4 

0.08 

Metal/elastomer 

2 

Travel  lock— yoke 

10 

0.10 

Metal 

2 

3-37 

portion 

Recoil  accumulator: 

155 

2 

Metal/composite/N2 

2 

3-29; 37, 38, 3  9 

Counterrecoil  check 

Metai/rubber 

2 

3-38 

Fluid  (pounds) 

MIL-H-6083D 

Recoil  cylinder 

1,100 

10 

Metal/teflon/rubber 

2 

3-38; 1 3, 

32,37,39 

Front  recoiling  end 

1 

3-38 

cap 

Orifice  ring 

1 

3-38 

Rear  recoiling  end 

1 

3-38 

cap 

Recoiling  inner 

1 

3-38 

cylinder 

Recoiling  outer 

1 

3-38 

cylinder 

Recoiling  piston 

1 

3-38 

Stationary  cylinder 

1 
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Figure  3-14.  THE  BILL  OF  MATERIAL  includes  a  weight  budget,  which  accounts  for  the 
variation  in  component  weights  and  provides  an  average  weight  of  under  9,000  pounds.  (Sh-et  2) 
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Figure  3-14.  THE  BILL  OF  MATERIAL  includes  a  weight  budget,  which  accounts  for  the 
variation  in  component  weights  and  provides  an  average  weight  of  under  9,000  pounds.  (Sheet  3) 
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Figure  3-14.  THE  BILL  OF  MATERIAL  includes  a  weight  budget,  which  accounts  for  the 
variation  in  component  weights  and  provides  an  average  weight  of  under  9,000  pounds.  (Sheet  4) 
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''  3.2.2. 1  Deployment 

The  LTHD  meets  or  exceeds  most  M198 
specifications,  but  takes  exception  to  two 
overall  size  dimensions  that  involve  de¬ 
ployment-stowed  height  (2  inches  higher) 
and  stowed  length  (5  feet  longer). 

The  stowed  height  increase  is  not  expected 
to  create  a  problem,  because  the  critical 
height,  determined  by  the  Cl 30  for  LAPES 
and  air-drop,  increases  with  the  distance 
from  the  last  part  of  the  howitzer  to  exit 
the  plane.  The  FMC  LTHD  maximum  height 
occurs  further  forward  than  does  the  Ml 98 
maximum  height. 


,v, 
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The  stowed  length  is  also  set  by  the  Cl 30. 
As  described  in  paragraph  3. 1.1.9,  this 
should  not  present  a  problem.  The  reasons 
for  this  length  increase  are  as  follows: 

1.  Longer  barrel  (41  caliber),  ne¬ 
cessitated  by  higher  recoil  veloc¬ 
ities  (explained  in  more  detail  in 
paragraph  3. 3. 1.1) 

2.  The  stationary  platform,  which 
allows  the  firing  forces  to  be 
focused  into  the  ground,  (thus, 
reducing  weight)  adds  length  behind 
the  breech. 

Figure  3-15  illustrates  the  LTHD  from  a 
tow/stow  perspective.  The  tow  config¬ 
uration's  tandem  wheels  and  low  center  of 
gravity  improve  towing  stability  relative  to 
the  MI 98.  The  reduced  height  for  stow  is 
necessary  for  LAPES,  specifically  from  the 
Cl 30,  to  clear  the  top  of  the  exit  door 
during  parachute  extraction.  Reduction  ot 
the  height  (for  LAPES)  requires  these  two 
steps: 


2.  The  lunette  height  must  be  adjusted 
(figure  3-16). 

3. 2. 2. 2  Emplacement 

Positioning  the  LTHD  requires  a  smaller 
patch  of  solid  ground  than  conventional 
howitzers  due  to  the  configuration's  capa¬ 
bility  to  focus  the  firing  forces  into  an 
integral  platform  and  central  spade.  Figure 
3-17  shows  the  additional  area  from  the 
three  claws  which,  when  combined  with  the 
ability  to  retract  the  spade,  simplify  em¬ 
placement  upon  rocky  terrain. 

The  emplacement  procedure  is  shown  in 
figure  3-18.  The  LTHD  is  assumed  to  be 
disconnected  from  the  helicopter  or  truck, 
and  in  position  at  the  site  at  the  start  of  the 
emplacement  cycle. 

Figure  3-19  shows  the  emplacement  steps 
(summarized  below)  timelined  for  a  crew  of 
four.  These  steps  are: 

1.  Extend  platform 

2.  Spread  trails 

3.  Unlatch  spade 

4.  Open  breech 

5.  Elevate  cannon  to  250  mils 

6.  Unlatch  dolly 

7.  Remove  dolly 

8.  Verify  yoke-tube  locks 

9.  Position  spade 


1.  The  dolly  mounting  bushing  holders 
must  be  reversed. 
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Figure  3-15.  FMC  LTHD  OPERATIONAL  CONFIGURATIONS  provide  additional 
improvements  over  the  Ml 98  in  critical  areas. 


Figure  3-16.  THE  STOWED  CONFIGURATION  requires  repositioning  dollv  mounts  and 
lunette. 


EXTENO  PLATFORM 


SPREAD  TRAILS 


ELEVATE  CANNON 


REMOVE  DOLLY 


POSITION  SPADE 


Figure  3-19.  EMPLACEMENT  TIME  is  .  minutes  with  a  crew  of  four. 


A  more  detailed  description  of  these  steps 
follows: 

1.  Extend  platform  via  dolly  winch 
pulling  on  elevation  yoke.  (The  nylon 
strap  winch  is  mounted  on  the 
dolly.)  The  winch  load  is  roughly 
1,200  pounds  for  a  9-foot  pull.  This 
is  calculated  as  0.20  horsepower 
input  to  the  winch  (assuming  an 
80-percent  efficient  winch). 


NOTE 

Two  crewmembers  can  perform  this 
step  in  2  minutes  (with  30  seconds 
allowed  for  getting  into  position). 
The  strap  winch  on  the  dolly  used  to 
extend  the  platform  will  either  have 
a  dual  handle  or  the  crewmembers 
will  take  turns  operating  the  winch. 
The  CG  shifts  rearward,  but  still 
remains  between  the  tandem  wheels. 


I 


2.  Unlock  trails;  spread  and  lock  trails. 
Two  pins  on  the  outside  of  each  trail 
connect  to  the  link  from  the  plat¬ 
form.  One  pin  holds  the  trail  in  the 
firing  position;  the  other  pin  holds 
the  link  in  the  tow  configuration. 
The  trail  is  held  in  the  tow  con¬ 
figuration  by  the  travel  lock 
described  in  the  displacement  pro¬ 
cedure  (paragraph  3.2.2. 6). 

3.  Unlatch  spade.  The  LTHD  is  towed 
with  the  spade  in  the  up  position. 

4.  Manually  open  breech.  This  is 
necessary  the  first  time  only. 
Thereafter,  the  breech  is  opened  by 
counterrecoil. 

5.  Elevate  cannon  to  250  mils.  This 
step  (done  in  conjunction  with  step  6 
[unlatching  dolly  clamps])  lowers  the 
platform  to  the  ground.  As  the 
cannon  elevates,  first  the  front  two 
clamps  are  released,  and  then  the 
rear  two  clamps  are  released.  At 
250  mils,  the  dolly  mounting 
bushings  (mounted  to  the  front  and 
rear  recoiling  yokes)  are  sufficiently 
above  the  dolly  to  allow  the  dolly  to 
be  pulled  out. 

6.  Unlatch  the  four  dolly  clamps.  This 
step  must  be  coordinated  with  step 
5  (elevating  the  cannon).  Unlatching 
involves  unscrewing  a  knob  on  a 
swivel  bolt  and  swiveling  the  bolt 
over.  This  enables  the  clamp, 
holding  the  bushing  down,  to  swing 
out  of  the  way,  and  allows  the 
bushing  to  lift  out  of  the  clamp 
bottom  as  the  cannon  is  elevated. 

7.  Remove  dolly.  The  dolly  weighs 
about  600  pounds  and  must  be  pulled 
out  by  hand  if  the  LTHD  is  to  be 
fired  at  elevations  below  300  mils. 
At  elevations  above  300  mils,  the 
dolly  can  be  left  under  the  slide. 


8.  Verify  yoke-tube  lock  is  secure: 

a.  The  two  yoke-tube  locks  (one 
on  each  side  of  the  forward 
yoke)  are  spring-loaded  and  slip 
into  a  metal  groove  in  the  end 
of  each  slide  tube.  When  the 
locks  slip  in,  a  second  spring- 
loaded  pin  slips  into  its  groove 
and  prevents  the  first  pin  from 
coming  out.  The  position  of 
both  pins  is  visible  from  the 
crew  positions. 

b.  At  displacement,  the  second  pin 
must  be  pulled  out  and  the  knob 
on  the  first  pin  screwed  to 
extract  the  first  pin  from  the 
groove.  This  knob  has  a  spring 
loaded  detent  antirotation 
feature  to  prevent  it  from 
moving  during  firing. 

9.  Hydraulically  position  the  spade. 
The  spade  is  positioned  from  the 
gunner's  position  by  setting  the 
spade  control  valve  to  "up"  or 
"down"  and  pumping.  The  position  of 
the  spade  is  primarily  determined  by 
local  soil  conditions.  The  options 
include  the  following: 

a.  Do  not  set  spade  at  all  if  rock 
surface  is  sufficient  to  hold 
howitzer. 

b.  Set  spade  into  a  predug  trench 
to  improve  bite. 

c.  Set  spade  in  a  few  inches,  and 
increase  depth  a  few  more 
inches  each  time  a  round  is 
fired. 

d.  Set  spade  at  full  depth  if  soil  is 
very  soft. 


If  below-zero  QE  firing  is  required,  a  trench 
must  be  dug  as  shown  in  figure  3-20.  With¬ 
out  a  trench,  the  lunette  will  hit  the  ground 
at  a  -10  mils.  The  maximum  trench  depth  is 
32  inches  on  level  ground.  This  is  a  result  of 
the  reduced  trunnion  height,  a  necessity  for 
stability.  If  the  trench  is  not  deep  enough 


and  the  LTHD  is  fired,  the  lunette  mounted 
on  the  muzzle  brake,  being  the  low  point, 
will  dig  a  trench.  The  recoil  accumulators 
(mounted  beneath  the  slide  tubes  for 
vulnerability  reasons)  do  not  recoil  and  will 
not  be  damaged  if  the  trench  is  of 
insufficient  depth. 
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Figure  3-20.  FIRING  AT  NEGATIVE  QE  requires  careful  site  selection  or  the  digging  of  a 
trench. 
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3. 2. 2. 3  Firing 

The  LTHD  crew  positions  are  shown  in 
figure  3-21.  Locating  the  trunnion  behind 
the  breech  at  full  recoil  enables  the  section 
chief  position  to  be  at  the  focal  point  of 
operations.  From  this  position,  the  section 
chief  can  see  all  personnel,  check  the  fuze 
settings  as  the  projectiles  enter  the  load- 
tray,  see  the  prescribed  tube  lay,  and 
observe  the  status  of  the  cannon  relative  to 
the  prescribed  tube  lay.  In  addition,  all 
personnel  are  further  from  the  muzzle  brake 
than  the  M198  layout  permits,  which  results 
in  a  reduction  of  the  blast  overpressure  to 
which  the  crew  is  exposed. 

The  LTHD  employs  a  load-tray  to  facilitate 
mechanical  breech  access.  This  loading 
operation  is  a  two-cycle  process  (figure 
3-22).  The  two  cycles  can  be  operated  to¬ 
gether,  to  provide  a  4-rounds-per-minute 
rate  of  fire  (as  timelined  in  figure  3-23),  or 
separately,  to  provide  a  4-round  burst 
capability. 

Table  3-1  lists  the  terminology  used  with 
the  load-tray  operation  and  its  timeline. 
Preparation  of  the  charge,  projectile,  fuze, 
and  chamber  are  not  included.  Delivery  of 
the  projectile  is  included,  but  charge 
delivery  is  not. 


Figure  3-21.  CREW  POSITIONS  reduce 
the  exposure  to  blast  overpressure. 
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Figure  3-22.  LOAD-TRAY  facilitates  a  four-round  burst. 
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Table  3-1.  Load-Tray  Terminology 


Name 

Definition 

Load-tray 

Composed  of  load-tray-entrance  (LTE),  ready-tube,  and  ram-tube 

Load-trav-entrance  (LTE) 

First  portion  of  !  ^ad-tray  the  projectile  passes 

Readv-tube 

Second  portion  of  load-tray  the  projectile  passes 

Load-staff 

Staff  used  with  ready-tube,  permanently  attached 

Ram-tube 

Last  portion  of  load-tray  the  projectile  passes 

Ram-staff 

Staff  used  with  ram-tube 

Ready-cycle 

Process  of  getting  the  projectile  from  preparation  to  the  LTE  and 
moving  it  to  the  ready-position 

Ram-cycle 

Moving  the  projectile  from  the  end  of  the  ready-cycle  and  seating 
it  in  the  forcing  cone.  (The  ready-cycle  is  the  feeder  process  that 
provides  projectiles  to  the  ram-cycie.  The  ram-cycle  is  part  of 
the  fire-cycle.) 

Load-cycle 

Ready-cycle  and  ram-cycle 

Fire-cycle 

Process  required  to  fire  the  LTHD;  includes  the  ram-cycle  as  well 
as  other  steps  required  during  the  fire-cycle 

Burst-cycle 

Special  cycle  that  integrates  only  the  necessary  steps  from  the 
ready-cycle  with  the  fire-cycle  to  achieve  minimum  delivery  time 
for  four  projectiles 

Ready-position 

Point  of  termination  of  ready-cycle 

Load/fire-position 

Load-tray  swiveled  away  from  breech 

Ram-position 

Load-tray  swiveled  in  front  of  breech 

* 
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The  load-tray  provides  the  ram-cycle  with 
the  following: 

1.  Mechanical  assistance  to  ease  the 
breech-loading  operation 

2.  Ability  to  maintain  the  ramming 
staff  handgrip  at  an  optimum  height 
(figure  3-24) 

3.  Increase  in  ramming  force  (over  and 
above  that  required  for  the  M198) 
(figure  3-25),  compensated  for  by 
room  for  more  hands  on  the  ram¬ 
ming  staff  when  needed 

The  load-cycle  has  the  following  QE 
limitations: 

1.  From  450  to  525  mils:  cannoneer  1 
must  be  of  average  height  or  above 


to  load  the  charge.  (Figure  3-26 
shows  how  the  breech  height  in¬ 
creases  with  QE.) 

2.  From  525  to  800  mils: 

a.  Cannon  must  be  depressed  to 
allow  charge  to  be  loaded. 

b.  The  swivel  joint  between  po¬ 
sitions  1  and  2  will  not  allow  a 
projectile  in  position  1  to  pass 
to  position  2  (figure  3-22).  This 
also  limits  the  burst  to  3 
rounds,  because  the  projectile 
in  position  1  (figure  3-22)  can¬ 
not  be  advanced. 

The  resultant  rate  of  fire  is  discussed  in 
paragraph  3. 3. 3. 3. 
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Figure  3-26.  BREECH  HEIGHT  increases  with  QE;  cannoneer  1  must  be  of  average  height 
to  load  charge  at  QE's  of  450  to  525  mils. 


WPS 


Loading  the  54-inch-long  COPPERHEAD 
M712  Guided  Projectile  would  be  done  man¬ 
ually  or  with  the  dolly.  Use  of  the  dolly 
would  involve  these  steps: 

1.  Set  COPPERHEAD  on  dolly  (in 
cradle  provided). 

2.  Elevate  cannon  to  300  mils. 

3.  Roll  dolly  with  COPPERHEAD  on  it 
into  position. 

4.  Depress  cannon  (slightly)  until  open 
breech  is  at  same  level  as 
COPPERHEAD. 

5.  Push  COPPERHEAD  into  chamber. 

6.  Swivel  load-tray  into  ram  position 
and  ram  COPPERHEAD. 


7.  Elevate  cannon  to  remove  dolly. 

8.  Continue  firing  sequence,  starting 
at  step  5  (rotate  load-tray  to  stow, 
figure  3-23). 

3.2. 2. 4  Speed  Shifting 

Speed  shifting  (figure  3-27)  involves  setting 
the  LTHD  back  on  the  dolly,  locking  one  of 
the  rear  brakes,  tipping  the  LTHD  up  on  the 
rear  wheels,  and  swiveling  the  howitzer 
around.  If  the  net  rolling  resistance  at  the 
rolling  wheel  is  assumed  to  be  750  pounds, 
the  required  horizontal  force  at  the  muzzle 
break  is  200  pounds.  With  four  people,  this 
translates  into  50  pounds  per  person  for  1 
minute  or  0.4  hp  per  person.  Figure  3-28 
provides  a  timeline  of  the  speed  shift  steps 
required. 


SPEEDSHIFT  RADIUS=23  FEET 


Figure  3-27.  THE  SPEED  SHIFT  FUNCTION  adds  no  parts  or  weight  to  the  FMC  LTHD; 
speed  shifting  is  accomplished  on  two  wheels. 
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(TIME  IN  MINUTES) 
0  1 


I.  RETRACT  SPADE 


gunner 


3.  POSITION  DOLLY  _ 


4.  DEPRESS  CANNON  TO  0  MILS 


5.  LATCH  OOLLY  CLAMPS 


6.  LOCK  ONE  REAR  WHEEL 


7.  TRAVERSE  GUN  6,400  MILS. 


CANNONEER  1  AND  2 


ASSISTANT  GUNNER  - 


Cannoneer  i  a NO  2 


GUNNER 


ALL 


8.  UNLATCH  DOLLY  CLAMPS 


CANNONEER  1  ANO  2. 


9.  ELEVATE  CANNON  TO  250  MILS  _  ASSISTANT  GOWER. 


10.  REMOVE  DOLLY 


CANNONEER  1  AND  2. 


1 1 .  POSITION  SPADE 


GUNNER 


2.  ELEVATE  CANNON  TO  250  MILS  _  ASSISTANT  GUNNER  .5 


.5 


.5 


1  .0 


.25 


Figure  3-28.  SPEED  SHIFT  TIME  is  3  minutes  with  a  crew  of  four. 


3.2.2. 5  Vulnerability  to  Aerial  Bursts 

The  FMC  LTHD  minimizes  vulnerability  to 
aerial  bursts  (figure  3-29)  to  improve  sur¬ 
vivability  through  component  placement  and 
the  selective  use  of  armor  by  the  following: 

1.  Mounting  recoil  accumulators  be¬ 
neath  the  slide  tubes,  exposing  only 
a  small  area 

2.  Designing  the  recoil  cylinders  so 
dynamic  sealing  surfaces  do  not 


interface  with  the  outside  wall. 
(Instead,  the  inside  of  the  outer 
cylinder  provides  the  orifice  func¬ 
tion.)  The  precision  surfaces  are 
buried  deeper  within  the  assembly. 
Providing  a  protective  shroud  for 
the  upper  recoil  cylinder  rod  to 
protect  it  during  the  3-second 
recoil/counterrecoil  cycle 
Providing  a  protective  shroud  for 
the  elevation  cylinder  to  protect  its 
rod  surface 
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RECOIL  CYLINDER  SHROUD 


37 


RECOIL  ACCUMULATOR 


ELEVATION  CYLINDER  SHROUD 


HIGHLY  SUSCEPTIBLE 
EXPOSED  SEALING  SURFACES 


Wh  SOMEWHAT  SUSCEPTIBLE 


Figure  3-29.  VULNERABILITY  TO  AERIAL  BURSTS  is  minimized  with  careful  component 
placement  and  shrouds. 


3. 2. 2. 6  Displacement 

The  displacement  procedure  is  essentially 
the  reverse  of  the  emplacement  procedure 
described  in  paragraph  3.2. 2.2,  with  the 
exception  of  step  10  (figure  3-30).  This  step 
involves  guiding  the  pins  on  the  forward 


yoke  into  receptacles  on  the  inside  of  either 
trail  (in  a  staggered  fashion)  to  tie  the  trails 
and  rear  recoiling  yoke  together  during 
towing.  This  configuration  serves  as  a  travel 
lock  for  the  elevation  cylinder,  traverse 
cylinder,  rear  recoiling  yoke,  and,  in  turn, 
the  cannon. 


wv 


(TIME  IN  MINUTES) 


I 


1  .  RAISE  SPADE 


GUKNER 


2.  ELEVATE  CANNON  TO  250  MILS 


ASSISTANT  GUNNER. 


3.  POSITION  DOLLY 


CANNONEER  1  AND  2 


4.  RELEASE  YOKE -TUBE  LOCK 


GUNNER 


5.  DEPRESS  CANNON  TO  0  MILS 


ASSISTANT  GUNNER. 


6.  RETRACT  PLATFORM 


CANNONEER  1  AND  2 


7.  LATCH  SPADE 


e.  LATCH  DOLLY  CLAMPS 


GUNNER 


ASSISTANT  GUNNER 


.75 


9.  CLOSE  AND  LOCK  TRAILS 


GUNNER  AND  ASSISTANT  GUNNER. 


10.  SECURE  TRAVEL  LOCKS 


GUNNER  AND  ASSISTANT  GUNNER. 


Figure  3-30.  DISPLACEMENT  TIME  is  3  minutes  with  a  crew  of  four. 


3.3  DESCRIPTION  OF  SUBSYSTEMS 


Components  compatible  with  con¬ 
ventional  composite  technology,  sup¬ 
ported  by  the  analytical  power  of  our 
Central  Engineering  Laboratories 
(CEL),  combines  with  the  reliability  of 
the  Watervliet  cannon  to  produce  the 
minimum-risk  FMC  LTHD. 


The  following  subparagraphs  describe  the 
hardware  output  from  the  analytical 
approach.  As  items  of  concern  are  covered, 
the  underlying  logic  and  supporting  analysis 
is  defined.  Due  to  the  critical  nature  of  the 


strength  and  weight  considerations,  a  de¬ 
scription  explaining  the  load  paths  employed 
to  arrive  at  a  minimum  weight  structure  is 
provided  when  deemed  appropriate. 

3.3.1  Cannon 

The  LTHD  employs  a  conventional  tech¬ 
nology  cannon  similar  to  the  M199  (figure 
3-31).  This  cannon  maintains  the  capability 
to  fire  all  155-mm  conventional  and  im¬ 
proved  munitions  and  consists  of  the 
following  items: 

I.  Barrel  (weight-reduced  41-caliber 
version  of  the  Ml 99  that  saves  1,250 
Dounds) 


i 


i 


2.  Breech  ( M 1 8  5  that  opens  up) 

3.  Muzzle  brake  (M199  with  integral 
lunette  for  towing) 

4.  Breech  band  (one  that  controls 
cannons  X,  Y,  and  Z  as  well  as 
angular  coordinates) 

Table  3-2  shows  the  optimal  recoiling  mass 
determined  at  the  system  level  (paragraph 
3.1.4. 1). 


Table  3-2.  Optimal  Recoiling 
Mass  for  FMC  LTHD 


Item 

Recoiling  Mass 
(Pounds  Mass) 

Barrel 

2,600 

Ml 85  breech 

800 

Breech  band 

105 

Muzzle  brake  with 

240 

integral  lunette 

Recoiling  yoke 

315 

assembly 

Recoiling  portion  of 

recoil  cylinders 

640 

Total  recoiling  mass 

4,700 

3.3. 1.1  Barrel 
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The  41-caliber  barrel  is  designed  to  main¬ 
tain  muzzle  velocity  equal  to  the  Ml 98.  The 
details  of  how  we  selected  this  caliber  are 
as  follows: 

1.  The  M198  recoil  velocity  is 
approximately  43  feet  per  second. 

2.  Reducing  the  recoiling  mass  from 

7,000  (M198)  to  4,700  pounds 

(LTHD)  increases  the  recoil  velocity 
to  65  fps. 

3.  Increasing  the  muzzle  velocity  22 
fps  relative  to  the  barrel  is  nec¬ 
essary  to  maintain  the  muzzle 
velocity  relative  to  the  ground. 

4.  Ballistic  similitude  has  been 
approximated  with  the  M203  and  the 
M483A1  projectile  family. 

5.  Increasing  the  caliber  to  41  and  the 
combustion  chamber  from  1,188  to 
1,265  cubic  inches  achieves  the  22 
fps  muzzle  velocity  increase  and 
maintains  the  same  expansion  ratio 
as  the  Ml 99.  The  expansion  ratio 
has  been  defined  as  the  ratio  of  the 
combustion  volume  at  shot  ejection 
to  that  at  shot  start. 

In  the  interest  of  weight  savings,  the  LTHD 
was  structured  to  accommodate  a  tapered 
barrel.  (The  barrel  outside  diameter  is  not 
used  to  guide  cannon  motion  during  recoil.) 

Alternatives  to  the  41 -caliber,  tapered, 
conventional  barrel  that  were  considered 
but  dropped  in  the  interest  of  maintaining  a 
low-risk  approach  include  the  following: 

1.  Composite-wrapped  barrels.  One 
barrel  involved  a  copper-coated 
graphite  filament  overwind;  the 
other  involved  an  SiC/Al  metal 
matrix  overcasting.  As  the  system 
concept  development  progressed, 
the  desirability  of  a  lightweight 
barrel  lessened,  because  the  optimal 
recoiling  mass  (table  3-2)  did  not 
require  it. 


2.  Longer  caliber  barrels.  Increasing 
the  caliber  to  the  45  to  47  range 
produced  a  weight  reduction  due  to 
the  lower  pressure.  The  lower 
pressure  resulted  from  an  increase 
in  the  combustion  chamber  volume 
to  maintain  the  Ml  99  expansion 
ratio  and,  in  turn,  maximize  bal¬ 
listic  similitude.  Secondary  benefits 
included  reduced  blast  overpressure 
due  to  the  reduction  of  muzzle 
pressure  from  increased  distance 
from  the  crew.  This  approach  was 
abandoned  due  to  the  droop  and 
overall  length  increases. 

3.3. 1.2  Breech 

The  primary  reasons  for  using  the  Ml 85 
breech  are  weight,  cost,  and  inventory. 

We  initially  did  not  plan  to  employ  the 
auto-opening  feature.  When  the  feasibility 
of  a  four-round  burst  developed  (as  a  result 
of  the  desirability  of  mechanical  breech 
access  [paragraph  3.1.3,  Evaluation  of 
Alternatives]),  the  breech  cam  appeared 
justifiable. 

The  Ml 99  breech  was  considered,  but  was 
dropped  in  favor  of  the  Ml 85  breech  be¬ 
cause  of  the  weight-cost-inventory  con¬ 
siderations  and  the  automatic  opening 
feature.  The  temperature  indicator  was  not 
a  factor  due  to  its  availability  on  the  up¬ 
coming  Ml 85  breech. 

The  breech  was  not  positioned  to  open  to 
the  side  because  of  space  problems.  The 
decision  to  open  up  versus  down  was  made 
on  the  basis  of  these  tradeoffs: 

1.  Breech  opening  upward: 

a.  Facilitates  lower  trunnion 
height  without  digging 

b.  Keeps  breech  away  from  mud 
and  shields  breech  from  rain 

c.  Provides  more  room  for  auto¬ 
primer  option 
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d.  Ensures  a  clear  path  for  pro¬ 
pellant  loading  at  high  QE 

2.  Breech  opening  downward: 

a.  Automatically  knocks  load-tray 
out  of  the  way  if  breech  closes 
before  the  tray  has  been  moved 
out  of  the  way 

b.  Ensures  cannoneer  1  does  not 
have  to  reach  over  the  bleed 
hole  to  remove  the  primer  in 
the  event  of  a  misfire 

3. 3. 1.3  Muzzle  Brake 

The  Ml 98  muzzle  brake  design  was  chosen 
because  of  the  known  and  acceptable  crew 
risk  levels.  The  lunette  was  added  to  the 
muzzle  brake,  because  it  provides  a  very 
substantial  tow  point.  The  lunette  is 
attached  to  a  very  substantial  portion  of  the 
towed  mass  with  a  minimum  weight  penalty. 

A  more  efficient  muzzle  brake,  coupled 
with  the  same  blast  overpressure,  was  con¬ 
sidered.  Statistical  analysis  of  empirical 
data  available  suggested  this  may  be  pos¬ 
sible.  This  effort  was  abandoned  due  to  the 
what-if-it-fails-to- materialize  risk. 

3. 3. 1.4  Breech  Band 

The  breech  band  (figure  3-31)  performs  a 
number  of  functions  with  minimal  weight 
addition  by  virtue  of  the  recoil  system  con¬ 
figuration.  The  breech  band  (by  virtue  of  its 
mounting  to  the  rear  recoiling  yoke)  guides 
the  cannon  motion,  applies  recoil  force,  and 
constrains  the  torque  reaction  through  lugs 
mounted  in  self-aligning  bearings.  These 
self-aligning  bearings  are  mounted  to  the 
rear  recoiling  yoke.  Therefore,  the  key  used 
to  lock  the  barrel  to  the  breech  and,  in  turn, 
to  the  band,  will  be  used  to  carry  torques 
caused  by  projectile  spin.  The  LTHD's 
self-lubricating  trunnion  bearings  are  the 
same  design  as  those  currently  used  on  the 
Ml  tank. 


3.3.2  Carriage 

The  carriage  is  composed  of  the  structure, 
slide,  recoil  system,  and  hydraulic  system. 

3.3.2. 1  Structure 

The  primary  purpose  of  the  structure  is  to 
position  the  cannon  and  transfer  the  firing 
forces  into  the  ground.  The  main  com¬ 
ponents  are  the  platform  and  trails  (plus  the 
dolly  in  the  tow  configuration).  Figure  3-32 
locates  and  identifies  the  components. 

The  structure  will  be  described,  first  from  a 
firing  load  perspective,  then  from  a  towing 
load  perspective.  The  firing  load  path  to  the 
ground  is  made  up  of  nine  major  steps: 

1.  When  the  LTHD  is  fired,  the  recoil 
cylinders  retard  the  motion  of  the 
cannon  and  impart  a  load  on  the 
forward  yoke  to  which  they  are 
anchored.  This  loads  the  slide  tubes 
in  compression. 

2.  The  load  then  proceeds  to  the  outer 
diameter  of  the  trunnion  bearings, 
which  are  mounted  on  the  end  of  the 
slide  tubes.  The  inner  diameter  of 
the  trunnion  bearings  are  mounted 
on  metal  stub  shafts,  which  are  part 
of  the  trunnion. 

3.  The  load  path  continues  through  the 
trunnion  to  its  vertical  bore. 

4.  The  force  is  transferred  through  the 
traverse  bearings  into  the  equili¬ 
bration  accumulator  cylinder.  This 
cylinder  is  mounted  within  the 
platform.  The  load  path  splits: 

a.  Some  of  the  load  is  transmitted 
directly  into  the  ground  via  the 
claw-primary. 

b.  The  balance  of  the  load  enters 
the  platform  and  splits  again. 

5.  The  vertical  component  of  the  force 
flows  through  the  base  of  the  plat¬ 
form  and  is  directed  into  the  ground. 
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Figure  3-32.  THE  STRUCTURE  is  composed  almost  entirely  of  composite  components. 


The  horizontal  component  of  the 
force  flows  into  the  claw-secondary 
(via  the  reservoir  cylinders)  and  the 
spade  mounting  in  the  platform.  The 
path  continues  into  the  spade 
mounting  shaft,  the  spade  bearings, 
and  the  spade. 

The  spade  is  shaped  to  carry  the 
bulk  of  the  loading  in  tension  (it 
pulls  into  the  ground)  rather  than 
bending. 

The  force  is  then  transmitted  into 
the  substructure  of  the  spade.  This 
substructure  gives  the  composite 


core  of  the  spade  a  soft  shell  to 
protect  it  from  rock  damage.  Figure 
3-33  shows  one  of  the  finite  element 
analysis  grids  employed  at  FMC's 
CEL  as  part  of  the  component  level 
dynamic  analysis  done  on  this  spade. 
The  spade  is  field  repairable. 

The  force  path  enters  the  ground. 
As  the  force  enters  the  ground, 
structural  resonance  serves  to  ham¬ 
mer  the  spade  rearward,  possibly 
resulting  in  more  slide.  When  the 
recoil  force  ends,  a  rebound  effect 
may  occur. 


These  issues  will  be  addressed  through 
analysis  at  the  system  level  at  CEL.  An 
example  of  the  contribution  that  composites 
make  toward  improvement  in  this  area  is 
shown  in  figure  3-34. 

Towing  loads  follow  a  much  simpler  path. 
The  major  loads  are  assumed  to  be  from 
large  potholes.  The  towing  load  path, 
induced  by  potholes,  is  listed  below: 

1.  The  load  enters  the  tire  and  the 
shock  is  attenuated,  to  some  degree, 
by  the  increased  deformability  of 
the  large  cross-section  HMMWV 
tires. 

2.  The  load  then  continues  through  the 
wheels,  hubs,  bearings,  shafts,  dolly 
structure,  and  into  the  dolly  mount¬ 
ing  bushings  on  the  front  and  rear 
recoiling  yokes.  The  dolly  mounting 
bushings  (hard  rubber)  also  atten¬ 
uate  some  of  the  load. 


3.  The  load  passes  through  the  fron 
and  rear  recoiling  yokes  and  into  th 
cannon,  which  is  accelerated  upwar 
by  the  load. 

Three  different  approaches  to  the  "wheels 
portion  of  the  towing  function  were  con 
sidered  and  are  outlined  below  (number 
was  chosen): 

1.  Wheel  units,  attached  permanentl 
to  the  trails,  were  swiveled  up  an 
down  for  towing  and  firing.  Thes 
wheel  units  have  the  advantage  o 
being  permanently  attached,  bu 
have  the  disadvantage  of  bein 
heavier  and  complicated  the  proces 
of  swinging  the  trails  into  position. 

2.  Wheel  units,  attached  permanent!; 
to  the  recoiling  yokes,  provide  th< 
advantage  of  increasing  the  re 
coiling  mass.  Unfortunately,  t< 
make  the  wheel  structure  withstam 
the  200-plus  g's  involved,  the  weigh 
and  risk  increase  beyond  acceptabli 
levels.  . 


Figure  3-34.  THE  DAMPING  CHARACTERISTICS  attainable  with  composite  materials  will 
improve  the  resistance  of  the  FMC  LTHD  structure  to  shock,  resonance,  and  rebound. 


3.  A  separate  dolly  that  attaches  to 
the  recoiling  yoke  provides  the 
lowest  weight  solution.  This 
approach  provides  these  additional 
benefits  over  the  others  considered:. 

a.  Should  high  loading  necessitate 
the  addition  of  a  suspension 
(due  to  towing  conditions),  this 
could  be  more  easily  handled  on 
a  unit  separate  from  the  main 
structure. 

b.  The  dolly  could  possibly  provide 
additional  functions  at  the  site. 

c.  Separating  the  LTHD  from  the 
dolly  reduces  the  total  con¬ 
figuration  weight  by  600 
pounds.  This  would  enable  a 
helicopter  to  lift  the  LTHD  on 
a  hot  day  (when  the  combined 
weight  would  be  beyond  the 
helicopter  limits).  The  speed 
shift  would  have  to  be  per¬ 
formed  in  some  other  manner. 

Use  of  the  Ml 98  wheels  was  considered,  but 
was  dropped  in  favor  of  the  HMMWV  tires 
and  HMM  WV-compatible  wheels  (also  used 
on  the  trailing  arm  drive  vehicle  developed 
by  Standard  Manufacturing,  a  potential 
prime  mover)  for  the  following  reasons: 

1.  Weight  reduction 

2.  Reduction  of  the  probability  for  the 
need  of  a  suspension  due  to  the 
reduction  in  air  pressure.  The 
narrow  M198  tire  is  rated  at  100  psi. 
Scaling  down  to  9,000  pounds  yields 
100  multiplied  by  9,000/16,000 
which  equals  56  psi.  A  set  of  four 
HMMWV  tires  provides  a  rating  of 
1  1,000  pounds  at  35  psi. 

3.  Tandem  footprint  (which  should 
improve  pothole  resistance, 
although  scrubbing  on  turns  may 
shorten  tire  life) 

4.  Logistics 

®  Registered  trademark  of  DuPont. 


5.  The  option  of  adding  the  HMMWV 
run-flat/bead-lock  option 

The  HMM  WV-compatible  wheels  were 
chosen  over  the  HMMWV  wheels  with  the 
following  in  mind: 

1.  Aluminum  or  Composite  wheels 
(compared  to  the  HMMWV's  steel 
wheels)  provide  weight  reduction. 

2.  If  either  type  of  HMMWV  wheels  are 
used  on  the  LTHD,  compatibility  is 
maintained. 

3. 3. 2. 2  Slide 

The  primary  purpose  of  the  slide  is  to  hold 
the  cannon  and  guide  it  during  recoil.  The 
major  elements  are  the  slide  tubes,  load- 
tray,  and  front  and  rear  recoiling  yokes. 
Components  are  shown  in  figure  3-35.  Load- 
tray  operation  is  covered  in  paragraph 

3.2. 2. 3 

Two  loads  occur  during  firing,  one  from  the 
recoil  force  and  one  from  the  torque  on  the 
cannon  due  to  spin-up  of  *the  projectile  by 
the  rifling.  Each  load  case  will  be  outlined. 

Firing  loads  are  carried  into  the  slide  tubes 
by  the  forward  yoke  via  the  metal  grooved 
disks  on  the  end  of  the  slide  tubes  that 
receive  the  yoke-tube  lock.  The  slide  tubes 
are  10.5  inches  in  diameter  and  made  of  a 
fiber- wound-composite/foam-filled  con¬ 

struction.  Metal  bearing  housings  on  the 
trunnion  end  of  the  slide  tubes  transfer  the 
load  into  the  structure. 

Torque  loads  are  delivered  to  the  rear  re¬ 
coiling  yoke  by  the  breech  band  bearings. 
The  path  continues  as  follows: 

1.  The  load  flows  through  the  yoke  and 
into  the  slide  bearings.  The  bearing 
pressures  are  sufficiently  low  (under 
250  psi)  to  permit  the  use  of 
Teflon  © . 
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Figure  3-35.  THE  SLIDE  CONFIGURATION  provides  natural  protection  to  the  crew  from 
the  increased  recoil  stroke. 


As  the  load  path  continues,  it 
creates  an  upward  load  on  one  slide 
tube,  coupled  with  a  downward  load 
on  the  other  slide  tube.  The  slide 
tubes  combine  with  the  elevation 
and  the  forward  yoke  to  form  a 
torque  tube.  This  strength/stiffness 
requirement  mandated  the  10.5  inch 
outside  diameter  of  the  slide  tubes 
(to  obtain  sufficient  section 
properties). 

The  torque  reaction  finally  appears 
at  the  trunnion  bearings  primarily  in 
the  form  of  vertical  components  (up 
on  one  side  and  down  on  the  other). 


The  slide  mounting  to  the  platform  was 
evaluated  in  both  vertical  and  horizontal 
configurations.  The  horizontal  configuration 
was  chosen.  Attributes  for  each  con¬ 
figuration  are  discussed  below: 

1.  Horizontal: 

a.  Provides  lower  overall  height, 
required  by  LAPES  and  air-drop 

b.  Facilitates  lower  trunnion 
height,  important  for  firing  and 
towing  stability 

c.  Raises  slide  tubes  farther  above 
the  ground 


d.  Reduces  aerial  vulnerability  of 
one  recoil  cylinder  and  the 
recoil  accumulators 

2.  Vertical: 

a.  Provides  compatibility  with  the 
side-opening  breech  (Ml  99  or 
M 1 85) 

b.  Reduces  aerial  vulnerability  to 
one  of  the  slide  tubes  (which 
are  not  particularly  susceptible 
to  damage) 

The  mechanical  breech  access  (paragraph 
3.1.3)  creates  the  weight  penalty  of  a 
load-tray.  This  penalty,  however,  is  sig¬ 
nificantly  less  than  the  weight  saved  via  the 
focused  structure  concept. 

Two  load-tray  appt  >aches  were  considered. 
The  first  was  a  tr<  y  that  swiveled  in  over 
the  trails.  The  pivot  centerline  was  near  the 
platform  and  vertical  at  zero  elevation.  The 
second,  and  preferred  approach,  was  a  tray 
that  pivoted  about  an  axis  parallel  to  the 
slide.  The  factors  considered  in  making  this 
choice  are  outlined  below: 

1.  Horizontal  slide  orientation  is 

feasible.  (The  first  tray  required 
vertical  slides.)  The  advantages  of 
the  horizontal  over  the  vertical 
slides  were  discussed  earlier. 

2.  Loading  times  would  be  reduced. 

3.  Trails  could  be  higher.  This  reduces 
weight  by  virtue  of  the  deeper  sec¬ 
tion  and  increases  utility  as  storage 
vessels. 

U.  Four-round  burst  capability  ap¬ 

peared  feasible. 

5.  Load-tray  operation  is  less  awkward 
at  high  QE  loading. 

6.  This  configuration  eliminates  the 

cantilevered  beam  associated  with 
the  former  approach,  reducing 
stress,  deflection,  and  weight 
problems. 


The  ram-tube  portion  of  the  load  tray  design 
selected  falls  short  of  the  barrel  face  by  19 
inches,  due  to  the  clearance  required  for  the 
upward  swinging  breech.  We  are  currently 
evaluating  the  following  ideas,  en  route  to 
eliminating  this  issue: 

1.  Extend  (strong)  fingers  with  the 
rammer  to  bridge  the  gap. 

2.  Angle  the  breech. 

3.  Swivel  the  breech  down. 

4.  Angle  the  slide. 

5.  Move  the  slide  tubes  farther  apart. 

6.  Move  slide  tubes  off  center. 

3.3. 2. 3  Recoil  System 

The  recoil  system  approach  will  be  de¬ 
scribed  in  these  four  steps: 

1.  Generic  approach  to  the  lightweight 
challenge 

2.  Numeric  solution  to  the  LTHD 
system 

3.  Mechanical  operation  of  the  recoil 
system 

4.  Mechanical  operation  of  the  recoil 
cylinder 

3. 3. 2. 3.1  Generic  Approach  to  the  Light¬ 
weight  Challenge 

The  generic  purpose  of  the  recoil  system  is 
to  provide  a  controlled  negative  accelera¬ 
tion  to  the  cannon  to  stop  it  in  a  reasonable 
distance.  Reducing  the  recoiling  mass  in¬ 
creases  the  necessary  retarding  force,  while 
increasing  the  recoil  stroke  reduces  this 
force.  Thus,  the  first  major  consideration  is 
whether  the  recoiling  mass  should  be  re¬ 
duced.  If  the  recoiling  mass  is  not  reduced, 
the  following  situation  exists.  The  M198 
recoiling  mass  is  7,000  pounds.  Thus,  the 
balance  of  the  howitzer  would  have  to  weigh 
in  at  2,000  pounds  to  achieve  the  9,000 
pound  requirement.  Because  the  Ml  98 
weighs  15,760  pounds,  the  Ml 98  nonrecoiling 
mass  weighs  8,760  pounds.  Therefore,  the 
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strength- to-weight  ratio  of  the  nonrecoiling 
mass  would  have  to  increase  by  a  factor  of 
4.5  to  1.  This  is  not  impossible,  but  is  not  an 
optimal  solution,  considering  the  risk 
element. 

If  the  recoiling  mass  is  reduced,  the  fol¬ 
lowing  will  result: 

1.  The  required  force  to  stop  the  can¬ 
non  in  a  reasonable  distance  in¬ 
creases  (figure  3-3). 

2.  This  increased  recoil  force  will 
produce  an  increased  load  on  the 
structure  which  will,  in  turn,  create 
larger  deflections  at  the  time  of 
shot  ejection.  This  will  have  an 
undesirable  effect  on  downrange 
accuracy. 

The  second  major  consideration  is  whether 
the  stroke  should  be  increased.  Increasing 
the  stroke: 

1.  Reduces  the  required  retarding 
force  (figure  3-2) 

2.  Increases  the  resultant  breech  to 
ground  distance  at  high  QE's 

3. 3. 2. 3.2  Numeric  Solution  to  the  LTHD 
System 

The  numeric  solution  involved  hundreds  of 
computer  runs  performed  during  the  concept 
evolution  of  the  FMC  LTHD,  at  both  the 
system  and  component  levels  (paragraph 
3.1.4).  The  result  is  the  trunnion  loading 
force  profile  listed  below  and  plotted  in 
figure  3-36. 

The  total  stroke  of  102  inches  breaks  down 
as  follows: 

4.25  inches  free  recoil 

.75  inches  fluid  compression 

93.00  inches  major  energy  absorption 

4.00  inches  overtrave!  allowance 

102.00  inches  total 


The  recoil  retarding  force  (equivalent  to 
trunnion  loading)  is  shaped  to  provide  the 
following  features: 

1.  A  free  recoil  distance  of  4.25  inches 
minimizes  the  force  input  to  the 
firing  platform  prior  to  shot 
ejection. 

2.  Fluid  compression  to  the  full  recoil 
force  consumes  0.75  inch. 

3.  The  initial  force  (following  fluid 
compression)  is  sufficient  to  main¬ 
tain  a  positive  safety  moment 
(stabilizing  moment  less  overturning 
moment)  with  the  12,500  pound 
second  charge. 

4.  Thereafter,  the  decreasing  distance 
of  the  CG  to  the  pivot  will  result  in 
a  decreasing  stabilizing  moment, 
and  the  recoil  force  is  reduced 
accordingly  to  maintain  a  positive 
and  fairly  constant  safety  moment. 
Figure  3-11  graphically  depicts  this 
safety  moment. 

5.  The  final  force  is  the  force  nec¬ 
essary  to  stop  the  cannon  at  the  end 
of  the  98-inch  nominal  stroke.  A 
4.0-inch  cushion  was  arbitrarily 
chosen  to  allow  for  overtravel  con¬ 
ditions  caused  by  fluid,  temper¬ 
ature,  manufacturing,  and  miscel¬ 
laneous  variations. 

3. 3. 2. 3. 3  Mechanical  Operation  of  the 
Recoil  System 

The  mechanical  operation  of  the  recoil 
system  is  illustrated  in  figure  3-37.  The 
major  items  are  the  recoil  cylinders,  the 
recoil  accumulators,  and  the  forward  yoke. 

The  recoil  system  load  path  has  three  steps: 

1.  When  the  cannon  is  fired  and  re¬ 
coils,  the  recoil  cylinders  provide 
the  programmed  force  profile  shown 
in  figure  3-36.  An  equalization 
passage  in  the  forward  yoke  bal¬ 
ances  the  pressure  in  the  two 
cylinders. 
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2.  From  the  recoil  cylinder  mounting 
point  in  the  forward  yoke,  the  load 
path  flows  to  the  yoke-tube  lock 
(one  for  each  slide  tube). 

3.  The  yoke-tube  lock  transfers  the 
load  into  the  slide  tubes.  Operation 
of  the  yoke-tube  lock  is  covered  in 
paragraph  3. 2. 2. 2. 

3. 3. 2. 3. 4  Mechanical  Operation  of  the 
Recoil  Cylinder 

The  mechanical  operation  of  the  recoil 
cylinder  (figure  3-38)  includes  the  recoil 
cycle  and  the  counterrecoil  cycle. 


The  recoil  cycle  consists  of  this  sequence  of 
events: 


When  the  cannon  recoils,  the  re¬ 
coiling  mass  moves  to  the  right. 

The  fluid  in  the  programmed  pres¬ 
sure  chamber  is  pressurized  by  the 
orifice  ring.  This  provides  the  re¬ 
quired  force-distance  profile  by 
virtue  of  the  contoured  inside  dia¬ 
meter  of  the  recoiling  outer  cylin¬ 
der.  The  recoiling  outer  cylinder, 
combined  with  the  orifice  ring, 
forms  an  annular  orifice. 
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Figure  3-33.  THE  FMC  LTHD  RECOIL  CYLINDERS  improve  RAM-D  bv  orificing  against 
the  outer  wall  (reducing  sensitivity  to  outside  damage)  and  bellows  accumulators  (reducing 
sensitivity  to  outside  damage  and  eliminating  nitrogen  maintenance). 

з.  The  flow  of  fluid  from  the  pro-  5.  The  fluid  added  to  the  counterrecoil 

grammed  pressure  chamber  to  the  chamber  is  stored  in  the  recoil 

soent  fluid  chamber,  combined  with  accumulator. 

the  displacement  of  the  recoiling 

mass,  reduces  the  volume  in  the  The  counterrecoil  cvcle  consists  of  this 
spent  fluid  chamber.  sequence  of  events: 

и.  The  volume  reduction  in  the  recoil 

compression  chamber  increases  the  I.  The  fluid  displaced  to  the  recoil 

volume  in  the  spent  fluid  chamber  accumulator  results  in  a  counter- 

bevond  the  reduction  mentioned  in  recoil  pressure. 

the  above  step,  thus  displacing  fluid  2.  The  magnitude  of  this  counterrecoil 

to  the  counterrecoil  chamber.  pressure  that  acts  upon  the  recoil 


cylinder  to  return  the  cannon  to  the 
battery  is  controlled  by  the  orifice 
in  the  counterrecoil  check  valve. 

3.  The  counterrecoil  buffers,  which  are 
external  and  mounted  on  the  for¬ 
ward  yoke,  ease  the  cannon  move¬ 
ment  into  battery. 

The  logic  behind  our  design  of  the  recoil 
cylinder  includes  the  following  points: 

1.  The  orificing  is  performed  against 
the  inside  surface  of  the  outer  wall 


function.  Bellows  accumulators 
were  employed  because  of  the 
elimination  of  dynamic  seals.  This 
resulted  in: 

a.  Elimination  of  nitrogen  pre¬ 
charge  maintenance 

b.  Reduction  in  the  sensitivity  of 
the  inner  wall  to  damage. 
(Bellows  accumulators  can 
operate  under  conditions  that 
would  seize  a  piston-type 
accumulator.) 


V 
«* » 

for  these  reasons: 

a. 

Scrubbing  the  working  fluid 

Two  constraints  on  the  application 
of  bellows  accumulators  are  nec¬ 

_  » 

against  the  outer  wall  will 

essary  to  reap  these  benefits: 

£ 

increase  heat  transfer  and  the 
feasibility  of  a  composite 
overwrap.  (Conventional  com¬ 

a.  Avoidance  of  high  flow  to  pre¬ 
vent  damaging  pressure  drop 

posites  are  poor  conductors  of 

across  open  bellows 

V. 

b. 

heat.) 

The  lack  of  dynamic  seals  may 

b.  Avoidance  of  mounting  on 
recoiling  mass  (in  excess  of  200 

facilitate  a  linerless  composite 

g’s  could  damage  bellows) 

.V 

cylinder,  resulting  in  further 
weight  reduction. 

3. 3. 2. 4  Hydraulic  Svstem 

c. 

Moving  the  sealing  surfaces 

inward  insulates  the  recoil 
cylinder  from  damage  to  a 
greater  degree. 

The  majority  of  the  recoil  cylinder 
recoils  to  maximize  the  recoiling 
mass. 

The  recoil  cylinders  are,  in  effect, 
self-displacing.  The  high  internal 
flow  rates  are  contained  and  onlv 
enough  volume  is  displaced  to  the 
recoil  accumulator  to  provide  re¬ 
asonable  at-battery  forces  from 
reasonable  nitrogen  pressures. 

The  scheme  allows  the  recoil  ac¬ 
cumulators  to  provide  makeup  fluid. 
This  fluid  store  can  be  replenished 
bv  the  portable  pump  of  the  hy¬ 
draulic  svstem  (figure  3-39). 

The  recoil  accumulators  do  not 
recoil  because  bellows  accumulators 
were  chosen  to  perform  that 


The  hydraulic  system  (figure  3-38)  supports 
the  following  functions,  and  an  operational 
description  is  provided  for  each  in  the 
paragraphs  listed  below: 


Function 

Elevation  (from  gunner  or 
assistant  gunner's  position) 
Elevation  with  failed 
equilibrator  (from 
portable  pump) 

Eauilibrator  temperature 
compensation  (from 
portable  pump) 

Recoil  cylinder  fluid 
replenishment  (from 
portable  pump) 

Spade  positioning  (from 
gunner's  position) 

Traverse  (from  gunner's 
position) 
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Figure  3-39.  CENTRALIZATION  OF  THE  HYDRAULIC  SYSTEM  reduces  weight;  controls 
at  the  gunner  and  assistant  gunner  positions  provide  for  flexibility  and  degraded  operations. 


Several  hydraulic  cylinders  are  employed.  In 
general,  pilot-operated  check  valves  hold 
the  rod  positioned.  Where  practical,  com¬ 
posite-wound  cylinders  are  employed  to 
reduce  weight. 

The  portable  pump  saves  weight  by  pro¬ 
viding  the  multiple  functions  that  are  not 
directly  tied  to  the  firing  operation. 

3.3.3  Fire  Control 

The  M198  optics,  enhanced  by  radio  battery- 
operated  electronics  (with  provision  for 
manual  backup),  are  combined  with  hy¬ 
draulic  cylinders  to  provide  fire  control.  The 
components  are  identified  in  figure  3-4Q. 


3.3.3. 1  Lay 

The  MI98  direct  fire  control  (DFC)  unit 
pivots  on  the  bearing  centerline  of  the 
platform  end  of  the  elevation  cylinder.  The 
elevation  cylinder  moves  with  traverse.  A 
link  to  the  slide  provides  elevation. 

The  M198  indirect  fire  control  (IFC)  unit  is 
mounted  just  behind  the  DFC  on  the  plat¬ 
form.  The  IFC  maintains  platform  lav. 
Electronics  are  used  to  measure  tube  lay 
relative  to  platform  lay.  The  difference 
between  these  actual  and  the  desired  tube 
lay  are  displayed  on  electronic  laying  aids. 
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The  two  electronic  laying  aids  (figure  3-4 1 ), 
one  for  elevation  and  one  for  traverse,  are 
mounted  above  the  trail  pivots  (figure  3-40). 
Each  has  a  digital  set  point  and  green  lights. 
The  lights  indicate  the  lay  of  the  cannon 
relative  to  where  it  should  be.  A  sun¬ 
shade/guard  for  the  lights,  plus  an  inten¬ 
sity-adjusting  on-off  knob,  accommodates 
bright  sunlight  to  pitch-dark-in-the-rain 
operations.  As  the  desired  lay  is  approached, 
blue  indicators  light.  When  three  indicators 
are  lit,  the  cannon  is  within  1  mil  of  the 
desired  lav.  When  all  the  indicators  light, 
the  cannon  is  within  the  prescribed  re¬ 
solution.  This  prescribed  resolution  is  set 


by  an  adjustable  "null  band"  to  provide  the 
sensitivity  versus  time  tradeoff  necessary 
from  a  specific  mission  perspective. 

The  electronic  laying  aids  can  be  swiveled 
so  either  the  gunner/assistant  gunner  or  the 
section  chief  can  set  the  lay.  The  lights 
allow  the  section  chief  to  see  the  proximity 
of  the  cannon  to  desired  lay  for  both 
elevation  and  traverse  (figure  3-21). 

Indicator  lights  (with  a  light  and  protection 
shade)  were  chosen  over  digital  or  analog 
meter  displays  for  ruggedness,  operation  in 
a  range  of  ambient  lighting,  broad  field  of 
view,  and  simplified  field  repair. 
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Figure  3-40.  FIRE  CONTROL  SYSTEM  WEIGHT  is  reduced  through  a  single  elevation 
cylinder:  R^M-D  is  improved  with  a  bellows  accumulator  (reducing  sensitivity  to  outside 
damage  and  eliminating  nitrogen  maintenance). 
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In  the  event  of  an  electronic  failure,  the 
*FC  will  be  moved  to  the  secondary  IFC 
.nount.  The  secondary  IFC  mount  is  located 
just  in  front  of  the  primary  mount  and  is 
integral  with  the  DFC  mount.  Since  the 
gunner  and  assistant  gunner  would  not  be 
able  to  see  the  fire  control  levels,  a  third 
person  would  be  required  to  announce  the 
fire-control-level  status  during  elevation 
and  traverse. 

3. 3. 3.2  Azimuth 

The  traversing  function  is  provided  by  a 
hydraulic  cylinder  operable  from  the  gun¬ 
ner's  position  (figure  3-21).  Hydraulic  power 
is  provided  by  a  foot  or  hand-operated  pump 
at  the  gunner's  position.  Directional  control 
is  provided  by  the  traverse  control  valve  at 
the  gunner's  position.  Fluid  is  locked  into 
the  cylinder  with  pilot-operated  check 
valves  when  a  position  is  to  be  held  (figure 
3-39). 

3. 3. 3. 3  Elevation 

The  elevating  function,  provided  by  a  single 
iwo-chamber  hydraulic  cylinder  (figure 
3-42),  is  operable  from  the  gunner's  or  gun¬ 
ner's  assistant  position  (figure  3-21)  and 
provides  the  minimum  weight  solution. 
Hydraulic  power  is  provided  by  a  foot  or 
hand-operated  pump  at  either  position. 
Directional  control  is  provided  by  the 
elevation  control  valve  at  either  position. 
Fluid  is  locked  into  the  cylinder  with 
pilot-operated  check  valves  when  a  position 
is  to  be  held  (figure  3-39). 

The  cannon  is  raised  by  the  (over¬ 
equilibrated)  equilibration  chamber  in  the 
elevation  cylinder  (figure  3-42)  and  lowered 
by  the  depression  chamber.  The  gunner  or 
assistant  gunner  will  move  the  elevation 
control  valve  in  the  elevation  direction  and 
stroke  the  pump  once  to  open  the  pilot- 
operated  check  valve,  which  will  allow  the 


equilibrator  to  raise  the  cannon.  To  depress 
the  cannon,  the  gunner  or  assistant  gunner 
will  move  the  valve  to  the  depress  position 
and  pump  the  cannon  down.  To  hold  position, 
the  valve  would  be  moved  to  the  center 
"hold"  position. 

Recoil  energy  recovery  schemes  were  in¬ 
vestigated,  but  in  every  case,  the  overall 
system  weight  and  complexity  increased 
beyond  reasonable  limits.  However,  we  have 
tried  to  minimize  the  energy  required  for 
the  elevation  function  through  the  use  of 
reduced  seal  friction,  more  accurate  tem¬ 
perature  compensation,  and  the  introduction 
of  a  nonlinear  spring  assist. 

Dynamic  analysis  of  the  resultant  depression 
and  elevation  cycle  times,  in  combination 
with  the  load  and  fire  times  (figure  3-23), 
and  the  QE  limitation  (paragraph  3. 2. 2. 3), 
indicates  4  rounds  per  minute  are  attainable 
to  525  mils  QE,  2  rounds  per  minute  to  800 
mils  QE,  and  1  round  per  minute  at  1,275 
mils  QE.  (Above  rates  do  not  apply  to 
COPPERHEAD.) 

Equilibration  temperature  compensation  is 
accomplished  by  altering  the  volume  of  oil 
in  the  equilibration  chamber  with  the 
portable  pump  (figure  3-39).  The  portable 
pump  is  connected  to  the  reservoir  (PT, 
figure  3-39)  and  equilibration  chamber  (PQ) 
via  quick-disconnects.  Fluid  will  be  added  to 
or  removed  from  the  equilibration  chamber 
until  the  cannon  elevates  at  the  desired 
rate.  This  method  was  chosen  due  to  weight 
savings  and  elimination  of  these  three, 
normally  unavoidable,  variances: 

1.  Knowledge  of  the  ambient 
temperature 

2.  Variation  in  nitrogen  precharge 

pressure  (at  some  standard 

conditions) 

3.  Seal  friction  variations  (new  and  due 
to  wear-in) 


Figure  3-42.  THE  ELEVATION  CYLINDER  employs  a  simple,  two-chamber  design  with 
integral  equilibrator  to  minimize  weight  and  reduce  friction. 


A  bellows-type  accumulator  was  chosen  to 
provide  the  equilibration  chamber  with  fluid 
for  the  following  reasons: 

1.  The  elimination  of  dynamic  seals 

eliminates  the  need  for  periodic 
precharge  maintenance. 

2.  The  excellent  heat  transfer  across 

the  bellows  to  the  fluid  reduces  the 
time  required  to  as  little  as  1 
minute  for  the  equilibration  pres¬ 

sure  to  stabilize,  after  significant 
changes  in  the  elevation  setting. 

Conventional  accumulators  take 
many  times  this  amount  of  time  to 
stabilize.  During  this  time,  addi¬ 
tional  energy  is  required,  because 
the  cannon  is  not  properly 
equilibrated. 

The  equilibration  accumulator  is  mounted 
within  the  center  post  in  the  platform.  This 
location  necessitates  the  use  of  a  metal 


hose  which,  if  damaged,  would  eliminate  the 
equilibration  function.  This  mounting  was 
done  with  the  following  in  mind: 

1.  The  platform  provides  excellent 
protection  to  the  accumulator  itself. 

2.  The  accumulator  housing  doubles  as 
the  traverse  shaft,  thus  reducing 
weight. 

3.  Should  the  equilibrator  or  hose  fail, 
the  portable  pump  would  be  con¬ 
nected  to  port  PQ  (figure  3-39). 
Elevation  would  involve  pumping; 
depression  would  involve  bleeding 
fluid  back  to  the  reservoir. 

The  nonlinear  Belleville  spring  set  (figure 
3-42)  minimizes  the  mismatch  between  the 
equilibration  force  needed  and  accumulator 
force-supplied  curves.  Without  the  spring 
set  (or  if  it  fails),  the  energy  required  to 
depress  the  cannon  would  increase  at  QE's 
above  800  mils. 
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Foreward 


FMC's  response  to  the  Negotiation  Issues  attached  to  ARDC's  Request  for  Best 
and  Final  Offers  for  the  155MM  Lightweight  Howitzer  Demonstrator  and 
Innovative  Recoil  Mechanism,  dated  13  November  1985,  is  organized  in  the  same 
sequence  as  provided  by  ARDC.  We  have  specifically  attempted  to  keep  our 
direct  responses  to  the  issues  raised  as  brief  as  possible,  and  then  provided 
detailed  discussions  and  descriptions  in  referenced  appendices.  We  have  also 
numbered  all  elements  (pages,  figures,  appendices,  etc.)  of  our  response  to 
the  issues  with  keyed  prefixes  for  easy  identification,  should  you  desire  to 
separate  the  document.  The  key  we've  used  for  this  purpose  is  as  follows: 


Issue  Identifier  Key 

First  Letter: 

Lightweight  Howitzer  Demonstrator  H 

Innovative  Recoil  Mechanism  R 

Second  Letter: 

Technical  Issues  T 

Management  Issues  M 

Cost  Issues  C 

Numerical : 

I -sue  Number  Numeric 


Pages,  figures,  and  tables  are  sequentially  identified  with  dashed  numerics, 
and  appendices  are  sequentially  identified  with  dashed  alphabetics  for  each 
issue.  Thus,  HT4-3  identifies  page  3  of  our  response  to  Howitzer  Technical 
Issue  4.  Similarly,  RT3-A2  identifies  page  2  of  Appendix  A  of  our  response  to 
Issue  3  of  the  Technical  Issues  for  the  Innovative  Recoil  Mechanism.  We  hope 
this  approach  will  make  it  easy  to  identify  elements  of  our  response  should 
they  become  separated  from  our  complete  document. 


Negotiation  Issues 


FMC 

155MM  LIGHTWEIGHT  HOWITZER  DEMONSTRATOR 
Technical  Issues : 

Issue  1.  The  proposed  demonstrator  size  exceeds  the  M198  envelope.  How  do 
you  propose  to  reduce  the  envelope  size  to  that  of  the  M198? 

EMC  Response.  The  FMC  LTKD  exceeds  the  six  M198  stow  and  tow  envelope 
dimensions  in  two  categories,  overall  length  (30'  vs  24'8")  and  overall  height 
(7 '2"  versus  7'),  both  in  the  stow  configuration  (see  Figure  3-15  in 
proposal).  Our  response  will  be  twofold.  First  we  will  review  the  items 
considered  and  illustrate  that  the  FMC  LTKD  (with  a  minor  modification)  is 
compatible  with  the  transportation-driven  size  constraints.  Then  we  will 
introduce  a  revision  to  the  original  concept  proposed,  which  we  call  VERSION 
1.1,  that,  among  other  things,  eliminates  the  height  variance  and  reduces  the 
overall  length  variance  from  5 ’4”  to  TO". 

We  reviewed  the  following  items  relative  to  precursory  transportation 
requirements  compatibility  of  the  FMC  LTHD: 

1.  Opening  and  cargo  compartment  dimensions  and  restrictions.  Since  the 
FMC  LTHD  is  narrower  than  the  M198,  no  problems  were  expected  here. 
The  different  profile  and  shifted  center  of  gravity  necessitated 
additional  investigation,  particularly  relative  to  cresting  during 
LAPES,  the  findings  of  which  are  detailed  below.  • 

2.  Structural  limitations  of  ramp  and  cargo  compartment.  Since  the  LTKD 
is  lighter  than  the  M198,  no  problems  are  expected  here. 

3.  Pressure  and  G-loading.  Preliminary  stress  calculations  assumed  the 
following  G-levels:  forward,  8;  aft,  1.5;  lateral,  1.5;  vertical, 
18.5  (ground  impact  following  parachute  extraction). 

Figures  HT1-1,  -2,  and  -3  show  the  FMC  LTHD  (VERSION  1.0)  being  pintle  loaded 
into  a  C130E.  The  dimensions  of  the  C130E  (used  in  Figures  HT-1  thru  -7)  were 
obtained  by  measuring  such  an  aircraft  at  the  Minnesota  Air  National  Guard  Air 
Base  in  Minneapolis,  and  talking  to  the  pilots  and  technicians  familiar  with 
the  C130  family.  The  shaded  area  will  be  removed  from  the  concept  to 
eliminate  potential  interference. 

Figure  HT1-4  shows  the  end  view  of  the  FMC  LTHD  in  a  C130E.  Although  the  FMC 
LTHD  does  not  conform  with  the  aisle  requirements  (MIL-A-8421)  states  that  the 
aisle  is  necessary  because  the  C130  does  not  have  a  catwalk,  the  fact  that  the 
LTHD  is  14"  narrower  than  the  M198  indicates  that  the  LTHD  deviation  from 
specification  will  be  significantly  less  than  the  M198. 
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Technical  Issues: 


Issue  1.  (Cont'd.) 

Figures  HT1-5,  -6,  and  -7  show  the  FMC  LTHD  being  parachute  extracted  from  a 
C130E.  Note  that  the  roof  clearance  necessary  for  tip-off  experienced  during 
parachute  extraction  is  achieved  by  palletizing  the  LTHD  in  a 
muzzle-tipped-up-30"  configuration  onto  a  3.5  inch-thick  pallet.  Note  also 
that  the  load  center  of  gravity  has  been  adjusted  for  addition  of  the 
(estimated)  2,500  lbm  pallet  with  honey  comb. 

Figure  HT1-8  illustrates  the  relationship  of  the  FMC  LTHD  to  the  tip-off 
curves  for  the  C130. 

Figure  HT1-9  illustrates  the  relationship  of  the  FMC  LTHD  to  the  tip-off 
curves  for  the  C141.  This  shows  the  tip-off  constraints  of  the  C141  to  be 
less  restrictive  than  the  C130. 

FMC  LTHD  VERSION  1.1  (pictured  in  Figure  HT2-1)  eliminates  the  height  variance 
relative  to  the  M198  and  reduces  the  length  variance  from  5 ’4”  to  l'O"  by 
providing  an  overall  length  of  25' 8".  The  favorable  width  variance  of  14"  for 
the  FMC  LTHD  relative  to  the  M198  is  maintained.  VERSION  1.1  also 
significantly  increases  the  angle  of  departure  relative  to  the  initial 
proposal,  which  will,  in  turn,  improve  cross-country  capability  and 
compatibility  with  amphibious  landing  craft,  should  the  need  arise. 


FIGURE  HT1-1. 

LOADING  INTO  C130E;  FIRST 
POTENTIAL  INTERFERENCE  POINT 
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FIGURE  HT1-2 , 

LOADING  INTO  C130E;  SECOND 
POTENTIAL  INTERFERENCE  POINT 


FIGURE  HT1-3. 

LOADING  INTO  C130E;  THIRD 
(AND  FINAL)  POTENTIAL 
INTERFERENCE  POINT. 
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FIGURE  HT1-5. 

PARACHUTE  EXTRACTION  FROM 
C130E;  JUST  PRIOR  TO 
TIPPING  AT  RAMP  HINGE. 


FIGURE  HT1-6 . 

PARACHUTE  EXTRACTION  FROTl 
C130E;  JUST  AFTER 
TIPPING  AT  RAMP  HINGE. 


FIGURE  HT1-7. 

PARACHUTE  EXTRACTION  FROM 
C130E;  CENTER  OF  GRAVITY 
AT  END  OF  RAMP . 
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Negotiation  Issues 
FMC 

1 5 5  MM  LIGHTWEIGHT  HOWITZER  DEMONSTRATOR 
Technical  Issues: 


l» 


Issue  2.  The  proposal  fails  to  meet  firing  rate  requirements  at  max  QE  due  to 
loading  limitations.  How  do  you  propose  to  meet  these  requirements? 

FMC  Response.  An  enhancement  of  the  original  proposal  addresses  and  fulfills 
these  requirements.  We  refer  to  this  enhancement  as  VERSION  1.1.  Figure 
HT2-1  illustrates  Version  1.1.  Figure  HT2-2  provides  the  time  line  of  the 
firing  operation.  Appendix  HT2-A  provides  an  operational  and  component 
description  relative  to  the  LTHD  originally  proposed. 

The  human  factors  aspect  of  how  VERSION  1.1  provides  four  rounds  per  minute 
(at  max  QE  without  exceeding  M198  human  factors  requirements)  is  discussed  in 
the  RESPONSE  to  QUESTION  4. 
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HT2-A  Description  of  VERSION  1.1. 


The  FMC  LTHD  VERSION  1.1  <the  concept  described  in  the  4  June  85  proposal  is 
considered  VERSION  1.0)  addresses  a  number  of  opportunities  to  improve  the 
LTHD  concept,  as  highlighted  by  ARDC's  technical  questions  during  the  best  and 
final  offer. 

VERSION  1.1  further  simplifies  the  FMC  LTHD  structure,  while  reducing  its  size 
and  improving  high  QE  loading  capability  as  well  as  human  factors. 

The  OPERATIONAL  and  COMPONENT  CHANGES  are  described  below. 

Operational  Changes 

Relative  to  Version  1.0,  the  following  changes  (all  to  the  firing  sequence) 
are  necessary.  Emplacement,  speedshifting,  and  displacement  are  essentially 
unchanged  (hydraulic  extraction  of  the  spade  has  been  replaced  by  manual 
extraction) . 

Cannoneer  1 

Is  now  positioned  behind  the  trails,  no  longer  positions  tray,  places 
charge  into  ram  tray  instead  of  into  breech,  trips  breech  cam  with  a 
linkage  to  it,  reloads  the  automatic  primer  feeder  every  ten  rounds, 
and  uses  a  permanently  attached  lanyard. 

Cannoneers  2  &  3 

No  longer  handle  projectile,  still  ram  projectile,  and  now  also 
advance  charge  on  ram  tray  to  Swiss  notch. 

Cannoneers  4  &  5 

Still  deliver  projectile  to  tray,  but  now  also  accelerate  ram  tray 
toward  breech  (with  short  staffs  that  double  as  spade  pry  bars)  to 
assist  cannoneers  2  &  3  in  ramming  function. 

Component  Changes  (Relative  to  Version  1.0)  with  Rationale 

Automatic  Primer  Feeder 

Necessary  to  achieve  four  rounds  per  minute  without  depressing  tube. 
FMC  is  currently  fabricating  a  prototype  to  fit  on  the  M185  breech 
(for  HEL's  M109  test  bed  demonstrator).  Adds  50  pounds. 

Breech  Trip  Linkage 

To  close  breech  at  high  QE  firing,  a  trip  link,  operable  from 
platform,  is  necessary.  Adds  15  pounds. 

Elevation/Equibration  Cylinder 

One  converted  to  two  and  mounted  in  a  V  to  permit  direct  access  to 
breech  (via  ram  tray  mounted  between  slides),  thus  eliminating  swivel 
load  tray.  Bellvelle  springs  eliminated  due  to  elimination  of  the 
need  to  elevate/depress  for  each  round  at  high  QE.  Adds  115  pounds. 
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Elevation  Yoke 

Elevation  cylinder  attachment  can  be  lowered  due  to  elimination  of 
swivel  tray  clearance  constraint.  Saves  10  pounds. 

Equilibration  Accumulator 

One  converted  to  two  and  moved  from  platform  into  trails.  Adds  30 
pounds . 

Fire  Control 

Access  to  trunnion  pins  permits  fire  control  to  be  moved  to  trunnions 
(like  M198),  thus  eliminating  electronics,  transducers,  and 
batteries.  Saves  60  pounds. 

Hydraulic  Reservoirs 

Moved  into  trails  to  allow  thicker  walled  equilibration  accumulators 
to  double  as  trail  hinges  (more  effective  use  of  weight).  Saves  15 
pounds. 

Ram  Tray 

Converted  from  swivel-in-load-and-ram-tray  to  roller-slide-ram-tray 
design  to  facilitate  high  QE  loading.  Mechanism  integral  to  ram  tray 
locks  ramming  piston  (attached  to  end  of  ramming  staff)  to  ram  tray. 
Ram  tray  with  projectile  (or  charge)  is  staffed  up  slides  until  pin 
on  elevation  yoke  is  engaged,  at  which  time  mechanism  releases 
ramming  piston,  allowing  it  to  continue  into  combustion  chamber. 

When  ramming  piston  is  retracted  into  ram  tray,  ramming  piston  is 
again  locked  to  ram  tray  and  tray  is  in  turn  released  from  elevation 
yoke. 

Eliminates  "span  to  reach  breech"  difficulties  caused  by 
swivel-in-load-and-ram-tray  when  coupled  with  (preferred)  swivel  up 
(Ml 85)  breech.  Saves  75  pounds. 

Platform 

Shortened  to  provide  overall  howitzer  length  reduction.  Redesigned 
to  accommodate  new  trunnion  (which  moves  traverse  bearing  forward  17 
inches).  Elevation  cylinder  mounting  moved  closer  to  trail  hinge, 
reducing  loads  carried  by  platform.  Two  of  three  claws  eliminated. 
Single  claw  retained  ties  into  traverse  bearing  (and  thus  moves 
forward  17  inches,  averting  potential  interference  with  air  cargo 
loading  ramps).  Traverse  bearing  is  two  foot  diameter.  Trail  links 
attach  to  platform  between  trails  (in  a  V)  instead  of  outside. 
Gunner's  and  assistant  gunner's  pumps  and  controls  moved  into 
platform  (from  trails)  to  improve  access  (weight  still  carried  under 
Hydrualic  System).  Saves  25  pounds. 

Recoil  Accumulator 

Combining  recoil  cylinders  into  one  longer  one  and  integrating  it 
with  the  upper  recoil  cylinder  shield/elevation  yoke  to  forward  yoke 
brace  will  reduce  weight  and  reduce  number  of  accumulators  on  weapon 
from  three  to  two.  Saves  10  pounds. 
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Spade 

Shortening  platform  moved  trail  pivots  forward,  which  in  turn  forced 
trail  pivots  out  (to  maintain  clearance  for  800  mil  traverse  range). 
This  did  not  leave  enough  room  for  spade  and  spade  cylinder  on  sides 
of  platform  without  going  beyond  eight  foot  width.  It  was  also 
desirable  to  drop  bottom  edge  of  trails  to  increase  bearing  span, 
which  forward  spade  had  heretofore  prevented. 

Thus  one  spade  became  two,  conical  in  shape  to  enhance  "natural”  load 
carrying  ability,  and  mounted  at  the  rear  of  the  platform,  which 
facilitated  manual  extraction  with  ram  tray  lever.  Adds  10  pounds. 

Traverse  Cylinder 

Two  elevation  cylinders  allow  traverse  to  be  accomplished  by 
displacing  oil  from  one  cylinder  to  another,  while  holding 
equilibration  constant.  Precursory  calculations  indicate  an  average 
stroke  of  .015”/mil  of  azimuth,  felt  to  be  a  reasonable  sensitivity. 
Saves  35  pounds. 

Trunnion 

Facilitates  rear  access  to  breech.  Also  clears  path  for  parts  that 
could  come  loose  during  recoil,  that,  with  previous  trunnion  design, 
could  have  been  deflected,  thus  averting  possible  injury  to 
personnel.  Adds  10  pounds. 

Advantages 

QE  loading  limit  increased  to  1300  mils  (versus  1.0). 

Human  factors  improved  when  loading  at  high  QE  (versus  1.0). 

Reduced  overall  length  (vvtsus  1.0). 

Angle  of  departure  improves  (versus  1.0). 

Cannoneer  1  is  moved  behind  trails  (versus  1.0). 

-  Distance  of  nearest  crew  position  to  muzzle  brake  Increased  by 
roughly  nine  feet  (versus  M198),  significantly  reducing  exposure  to 
blast  overpressure. 

Fire  control  mounted  to  trunnion  pin  (versus  1.0). 

-  Compatible  with  soft  recoil  (versus  1.0  and  M198). 

Areas  that  require  additional  investigation. 

Reduced  overall  length  may  necessitate  a  slight  reduction  in  trunnion 
height  to  maintain  stability. 

There  may  be  a  correlation  between  azimuth  and  equilibration,  which 
may  Increase  depression  loads  at  some  azimuths. 

Mounting  fire  control  at  low  trunnion  height  may  adversely  impact 
work  space  and  accessibility. 

A  simple  method  of  limiting  QE  and  A Z  will  be  necessary. 


Negotiation  Issues 
FMC 


155MM  LIGHTWEIGHT  HOWITZER  DEMONSTRATOR 
Technical  Issues: 

Issue  3.  What  are  the  traverse  limits? 

FMC  Response.  400  mils  left  and  400  mils  right  (see  Figure  3-15  in  our 
Technical  Proposal  Volume  3A,  last  line). 
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Negotiation  Issues 
FMC 


155MM  LIGHTWEIGHT  .  'TZER  DEMONSTRATOR 
Technical  Issues: 

Issue  4.  The  concept  has  various  human  engineering  problems  associated  with 
loading  the  weapon  at  high  QE,  including  operation  of  the  breech  and  forces 
required  to  push  the  projectile  into  the  forcing  cone.  This  concept  requires 
a  trench  to  be  dug  when  firing  below  0°  QE.  How  do  you  propose  to  alleviate 
these  problems? 

FMC  Response.  This  question  has  been  broken  into  the  six  sub-questions  listed 
and  addressed  below. 

A.  FORCE  REQUIRED  TO  RAM  PROJECTILE  AT  HIGH  QE.  Figure  HT4-1  provides 
the  calculated  forces  to  ram  VERSION  1.1  at  high  QE.  The  VERSION  1.1 
ramming  procedure  (relative  to  the  M198  procedure)  is  summarized  as 
follows: 

Where  the  Ml 98  uses  two  cannoneers  to  deliver  the  projectile  and 
hold  it  in  front  of  the  breech  for  ramming,  VERSION  1.1  provides 
a  ram  tray  onto  which  they  set  the  projectile  and  then  accelerate 
both  the  tray  and  projectile  approximately  one-third  of  the 
distance  to  the  breech. 

The  same  cannoneers  that  handle  ramming  with  the  Ml 98  then 
complete  .the  ramming  function  with  VERSION  1.1. 

Where  the  M198  places  the  ramming  cannoneers  just  behind  the 
projectile  handlers,  VERSION  1.1  places  them  roughly  ten  feet 
behind  the  projectile  handlers,  thus  reducing  congestion  during 
the  loading  function. 

VERSION  1.1 ’s  force  levels,  as  well  as  the  means  and  heights  of 
application,  are  on  a  par  with  the  M198  at  max  QE,  and  provide  an 
improvement  over  those  of  the  Ml 98  at  the  lower  (most  common) 
QE's.  Additionally,  the  horizontal  force  component  (applied  by 
the  cannoneer's  waist)  moves  the  load  to  a  very  strong  part  of 
the  anatomy  (see  Figure  HT4-1).  It  will,  however,  require  that 
the  ramming  path  (about  11'  long,  behind  the  trunnion)  provide 
medium  to  high  traction  (per  MIL-5TD-1472C,  TABLE  XXV). 

B.  PROPELLANT  LOADING  AT  HIGH  QE.  VERSION  1.1  employs  the  tray  and 
ramming  staff  used  for  the  projectile  to  advance  the  charge  to  the 
Swiss  notch. 


A 


HT  H-l 


Technical  Issues: 


Issue  4.  (Cont *d. ) 

C.  PRIMER  INSERTION  AT  HIGH  QE.  VERSION  1.1  employs  an  automatic  primer 
feed  mechanism.  A  ten  primer  clip  is  proposed.  Thus,  the  clip  would 
have  to  to  be  replaced  after  each  ten  rounds. 

To  maintain  a  sustained  rate  of  fire  is  two  rounds  per  minute 
(determined  by  the  thermal  warning  device  in  service  and  published  as 
two  rounds  per  minute  by  US  ARMY  publications),  the  crew  would  have 
2.5  minutes  to  depress  the  gun  to  500  mils,  reload  the  auto  primer, 
and  elevate.  Preliminary  calculations  for  the  original  FMC  LTHD 
suggested  a  depress/elevate  cycle  from  max  QE  (with  the  non-linear 
Bellvelle  spring)  would  take  0.75  minutes. 

If  a  sustained  rate  of  fire  higher  than  two  rounds  per  minute  at  high 
QE  were  required  (until  the  barrel  temperature  danger  threshold  is 
reached),  the  clip  size  could  be  increased,  a  means  of  changing  the 
clip  from  the  ground  might  be  feasible,  and/or  a  ladder-like 
structure  could  be  integrated  with  the  slide. 

D.  BREECH  OPERATION  AT  HIGH  QE.  The  breech  is  opened  automatically 
during  counterrecoil.  Closing  would  be  handled  with  a  linkage 
connected  to  the  breech  cam  that  is  accessible  from  ground  level. 

E.  LANYARD  OPERATION  AT  HIGH  QE.  The  lanyard  would  be  permanently 
attached. 

F.  TRENCH  REQUIREMENT  AT  NEGATIVE  QE'.  Two  options  were  suggested  in  the 
original  proposal  when  using  the  FMC  LTHD  as  proposed  at  negative  QE 
(1)  find  terrain  that  provides  the  trench  "naturally",  or  (2)  dig  a 
trench.  This  problem  occurs  due  to  the  low  trunnion  height,  which  is 
desirable  from  a  firing  Stability  viewpoint. 

If  neither  of  these  solutions  is  acceptable,  the  trunnion  height 
could  be  made  adjustable.  The  trunnion  would  be  raised  two  feet 
(providing  the  same  four  foot  trunnion  height  as  the  M198)  to 
accommodate  negative  QE  firing.  This,  of  course,  has  an  adverse 
impact  upon  firing  stability,  particularly  if  the  M203  charge  is 
used. 

To  put  negative  QE  firing  in  perspective;  at  about  60,000  lbf  of  rod 
pull,  the  M198  has  a  "QE  safety  margin"  of  about  10  degrees  (arc  of 
the  tangent  of  15,600/60,000  less  the  max  negative  QE  of  5  degrees); 
the  LTHD,  to  maintain  the  M198’s  negative  QE  spec  while  achieving  a 
9,000  lbm  weight,  assuming  similar  rod  pulls,  has  a  "QE  safety 
margin"  of  only  3.5  degrees. 
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Appendix  HT4-A.  Ramming  Force  Analysis  (sheet  1) 

Assumptions 

1.  Relative  differences  in  friction  between  M198  and  FMC  LTHD  Version  ***■ 
1-1  are  insignificant  (Version  1.1  tray  is  on  rollers). 

2.  Necessary  ramming  velocity  is  15  FPS. 

3.  Difference  in  weights  of  M198  ramming  staff  and  Version  1.1  ramming 
staff  is  insignificant. 


4.  M198  Load  tray  weighs  10  lbm. 

5.  Version  1.1  Ram  tray  weighs  15  lbm. 


6.  Averaging  from  endpoints  is  representative  of  relative  magnitudes 
(as  compared  to  the  increased  accuracy  available  from  analysis  via 
differential  equations).  'i 


M198  Ramming  (104  LBM  Projectile) 


FRh  -  FR  *  COS  QE 

Vertical  component:  FRy  ■  FR  *  SIN  QE 

FMC  LTHD  Version  1.1  Ramming  (104  LBM  Projectile) 


0 1  WEI  IS  1  Ol  IF  ARE  I'lvEM  FOE 
GE  =  72  DEGREES 


Point  A  is  starting  point  (ram 
staff  pivot).  Cannoneers  4  & 
5  move  projectile  and  tray 
from  A  to  B  (4.73'). 
Cannoneers  2  &  3  ram 
projectile  from  B  to  C 
(7.62').  Point  C  represents  a 
rammed  projectile.  Ramming 
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Appendix  HT4-A.  Ramming  Force  Analysis  (sheet  2) 


Moving  From  A  to  B  at  72°  QE 

Assume  that  cannoneer  4  &  5  accelerate  projectile  portion  of  projectile 
&  load  tray  unit  to  15  FPS  over  4.73  ft.  distance  (thus  equaling  M198 
ramming  force)  from  point  A  to  B. 

Cannoneer  2  &  3  are  thus  responsible  for  accelerating  15  LBM  load  tray 
to  15  FPS  from  point  A  to  B. 


To  find  the  required  ramming  force  hnre,  a  computer  program  was  written 
(shown  below)  for  a  dynamic  analysis: 


10 

REM  PROGRAM  TO  DETERMINE  RAMMING  FORCE 

FROM  . 

20 

F  =  80 

30 

TIME  =  0 

40 

T  =  .01 

50 

QE  =  72 

60 

QE  =  QE*3. 14159/180 

70 

VO  «  0 

80 

P0  =  0 

90 

PRINT  "TIME",  "POSITION",  "VELOCITY",  * 

’ANGLE 

100 

HT  =  P0*SIN(QE)-1. 5 

110 

LE  =  (11.25**2  -  HT**2)**.5 

120 

ANG  =  QE  -  ATN(HT/LE) 

130 

A  *  (F*SIN(3.14159/2-ANG)-l5*SIN(QE))/( 15/32 

140 

V  =  V0+A*T 

150 

VO  =  V 

160 

P  -  PO+V*T+. 5*A*T**2 

170 

PO  =  P 

180 

PRINT  TIME,  P,  V,  ANG*180/3. 14159 

190 

IF  P  -  4.731  THEN  GOTO  220 

200 

TIME  +  TIME+T 

210 

GOTO  100 

220 

END 

Program  results  show  that  a  constant  80  lb.  total  ramming  force  results 
in  a  15  fps  load  tray  speed  at  point  B.  (Forces  higher  than  80  lbs. 
result  in  greater  speeds).  Minimum  force  values  for  any  QE  can  be 
determined  the  same  way.  The  total  force  can  then  be  resolved  into  its 
horizontal  and  vertical  components.  Horizontal  components: 


Point  A:  40  LBF  *  COS  (72  -  79.5)  =  39.7 

Point  B:  40  LBF  *  COS  (72  -  56.5)  -  38.5 

Average:  39.1  LBF 
Vertical  Components: 

Point  A:  40  LBF  *  SIN  (72  -  79.5)  =  -5.2 

Point  B:  40  LBF  *  SIN  (72  -  56.5)  =  10.7 

Average:  2.75 
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Appendix  HT4-A.  Ramming  Force  Analysis  (sheet  3) 
Moving  B  to  C  at  72°  QE 


Cannoneer  2  &  3  are  responsible  for  maintaining  the  average  velocity  of 
15  FPS  from  point  B  to  C.  This  requires  that  the  weight  of  tray  and 
projectile  be  matched  by  the  ramming  force. 

The  ramming  force  each  cannoneer  must  provide  is: 

Point  B  =  FRB  =  (((15  +  104)  *  SIN  QE)/C0S  Y)  *  .5 

Point  C  =  FRC  =  (((15  +  104)  *  SIN  QE)/C0S  Z)  *  .5 

Average  FRBc  =  (FRB  +  FRC)/2 

Resolving  this  force  into  the  horizontal  force  component  each  cannoneer 
must  provide: 

Point  B  =  FHB  =  (FRBC)  *  COS  (QE  -  Y) 

Point  C  "  FHC  “  (FRBC)  *  COS  (QE  -  Z) 

Average  =  FHBC  *  (FHB  +  FHC)/2 

Resolving  this  force  into  the  vertical  force  component  each  cannoneer 
must  provide: 

Point  B  *  FVB  =  (FRBC)  *  SIN  (QE  -  Y) 

Point  C  *  FVC  -  6FRBC)  *  SIN  (QE  -  Z) 

Average  =  FVfiC  =  (FVB  +  FVC)/2 

Moving  A  to  C  at  0°  QE 

Force  required  to  accelerate  projectile  and  load  tray  to  15  FPS  in 
12.35  ft.  (per  cannoneer):  (((15  FPS  *  *  2)/(2  *  12.35  ft))/32.2)  * 
(104  +  15)/2  **  16.8  LBF 


Negotiation  Issues 


155MM  LIGHTWEIGHT  HOWITZER  DEMONSTRATOR 


Technical  Issues: 


Issue  5:  Precursory  stability  analysis  to  support  the  submitted  graphs  are 
missing.  Provide  this  analysis. 


FMC  Response.  A  computer  simulation  model  was  developed  to  analyze  the  LTHD's 
stability  under  a  wide  range  of  operating  conditions.  The  model  is  similar  to 
one  developed  by  the  Weapons  Division,  Large  Caliber  Weapon  Systems  Laboratory 
(Technical  Note  84-001).  Both  models  assume  that  the  gun  is  not  able  to  slide 
backward  at  any  time  during  firing  and  that  a  rear  ground  "pivot"  point  exists. 


The  two  models  differ,  however,  in  a  number  of  important  aspects.  The  most 
important  difference  is  that  the  LTHD  analysis  model  accounts  for  changes  in 
the  systems'  center  of  gravity  and  mass  moment  of  inertia  which  result  from 
the  recoil  and  counter-recoil  motion  of  the  gun  barrel  and  other  movable 
components.  Another  important  difference  is  that  the  model  considers  very 
specific  firing  conditions,  including  barrel  quadrant  elevation  (QE),  azimuth, 
and  forward  and  side  slopes  of  the  ground.  In  addition,  rather  than  using  an 
average  input  force  over  the  duration  of  the  firing  cycle,  a  trapezoidal  input 
force  is  used  that  much  more  closely  matches  empirical  data  for  specified 
firing  conditions. 


A  complete  list  of  inputs  and  a  discussion  of  how  they  were  obtained  is 
provided  in  Appendix  HT5-A.  A  list  of  outputs  is  contained  in  Appendix 
HT5-B.  A  discussion  of  program  method,  is  presented  in  Appendix  HT5-C. 
Appendix  HT5-D  contains  the  computer  printout  for  92-inch  stroke  (less  than 
original  proposal)  as  part  of  stroke  sensitivity  analysis.  Note  that  weapon 
remains  stable  at  six  inch  reduction  in  stroke  with  12,500  lb-sec  impulse. 
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Appendix  HT5-A  Stability  Analysis  Inputs 

In  defining  inputs  to  the  LTHD  analysis  model,  an  x,y,z  coordinate  system  was 
established.  The  ground  plane  defines  the  z/x  plane.  Hence,  y  is  up  and 
perpendicular  to  the  ground  plane,  -z  is  back-to-f ront  along  the  ground,  x  is 
side-to-side  along  the  ground  and  positive  to  the  right  when  facing  forward. 

The  model  requires  the  following  inputs: _ 

A.  System  Geometry 

1.  Recoiling  components 

a.  individual  component  weights 

b.  individual  component  locations  (y  and  -z,) 

2.  Stationary  components 

a.  individual  component  weights 

b.  individual  component  locations  (y  and  -z) 

3.  Other  measurements 

a.  distance  from  rear  pivot  to  barrel  tip,  along  -z  axis 

b.  distance  from  rear  pivot  to  tip  of  trails,  along  -z  axis 

c.  angle  .between  trails  and  -z  axis 

d.  distance  from  rear  pivot  to  point  at  which  input  force 

is  applied,  along  y  axis 

e.  distance  from  rear  pivot  to  point  at  which  input  force 
is  applied,  along  -z  axis 

f.  distance  from  side  pivot  to  point  at  which  input  force  is 
applied,  along  x  axis 

g.  distance  from  side  pivot  to  the  center  of  gravity  of  the 
stationary  components,  along  x  axis 

h.  amount  of  play  in  end  of  trails  (zero  in  this  analysis) 

i.  spring  constant  of  each  trail  (rigid  in  this  analysis) 

B.  Firing  Conditions 

1.  Quadrant  elevation  of  gun  barrel 

2.  Azimuth  angle  of  gun  barrel 

3.  Forward  slope  of  hill  (angle  between  ground  and  true 
horizontal,  along  -z  axis) 

4.  Side  slope  of  hill  (angle  between  ground  and  true  horizontal, 
along  x  axis. ) 
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Appendix  HT5-A  (Cont'd.) 


C.  Input  Force  and  Recoil  Stroke  Position 

1.  Recoil/counter-recoil  force  profile,  force  vs.  time 

2.  Recoil/counter-recoil  stroke  profile,  position. vs.  time 

The  system  geometry  inputs  were  obtained  from  a  solid  modeling  analysis  of  the 
LTHD  performed  on  GEOMOD.  Firing  conditions  can  be  varied,  depending  on  the 
situation  to  be  analyzed.  In  general,  worst-case  conditions  occur  when  the  QE 
and  azimuth  values  are  zero.  When  non-zero  values  of  hill  slopes  are 
specified,  the  worst-case  condition  of  firing  "uphill"  is  analyzed. 

The  determination  of  input  force  and  recoil  stroke  position  data  requires  a 
more  involved  explanation.  In  describing  the  approach,  worst-case  conditions 
are  considered. 

The  worst-case  input  force  is  one  that  imparts  a  12,500  lb-sec  impulse  to  the 
system.  In  order  to  meet  the  objective  of  optimum  stability,  we  want  to 
distribute  this  force  as  evenly  as  possible  throughout  the  recoil  stroke,  such 
that  the  resulting  overturning  moment  is  less  than  the  stabilizing  moment  at 
all  times.  The  recoil  system  used  should  ideally  accomplish  this. 

Thus,  an  input  force  is  specified  which  is  thought  to  result  in  the 
overturning  moment  being  less  than  the  stabilizing  moment  over  the  recoil 
stroke.  Its  profile  over  the  stroke  length  is  trapezoidal,  and  is  estimated 
to  impart  a  12,500  lb-sec  impulse  to  the  system.  This  profile  is  used  as  an 
input  to  a  program  that  simulates. gun  recoil  (RECOIL. FORT,  FMC  Corp. ,  E.C. 
1133).  Given  the  recoiling  mass  of  the  LTHD,  the  specified  input  force 
profile,  stroke  length,  and  other  firing  conditions,  the  program  outputs  a 
time  profile  of  the  recoil  mass  velocities,  barrel  positions,  and  the  force 
values  which  stop  the  recoiling  mass  within  the  specified  recoil  stroke.  This 
data  is  then  input  into  an  orifice  sizing  program,  which  outputs  the  data 
required  to  completely  configure  a  recoil  cylinder  system. 

The  trapezoidal  force  profile  and  the  recoil  cylinder  data  is  then  input  back 
into  RECOIL. FORT  to  determine  the  best  estimate  of  the  impulse  to  be  imparted 
to  the  system.  If  the  impulse  differs  from  the  12,500  lb-sec  requirement,  a 
new  force  trapezoid  must  be  determined  and  the  above  process  is  repeated.  If 
the  impulse  requirement  is  met,  the  output  of  RECOIL. FORT,  consisting  of  the 
time  profile  of  input  force  and  barrel  positions,  is  input  into  the  LTHD 
stability  model . 

The  stability  model  then  uses  this  data,  along  with  the  system  geometry  and 
firing  condition  information,  to  determine  how  well  the  stabilizing  moment 
exceeds  the  overturning  moment  throughout  the  firing  cycle.  If  the  results 
show  a  system  that  is  unstable  or  too  stable,  a  new  trapezoidal  force  is 
specified  and  the  complete  process  just  described  is  repeated. 

A  similar,  yet  simpler  procedure  is  used  when  the  ballistic  properties  of  a 
specified  projectile/charge  combination  are  used  instead  of  an  impulse 
requirement . 


Appendix  HT5-B  Stability  Analysis  Outputs 


The  LTHD  analysis  model  produces  the  following  outputs: 

A.  Summary  of  Initial  Conditions 

1.  Total  weight  of  recoiling  components 

2.  Total  weight  of  stationary  components 

3.  Total  weight  of  system 

4.  Location  of  systems'  starting  center  of  gravity 

5.  Systems'  starting  mass  moment  of  inertia 

6.  Deflection  of  trails  (zero  for  this  analysis — assumed  rigid) 

B.  Moments  About  Rear  Pivot  Throughout  Firing  Cycle 

1.  Stabilizing  moments 

2.  Overturning  moments 

3.  Safety  moments 

C.  System  Condition  Throughout  Firing  Cycle 

1.  Force  trails  exert  on  ground  if  trails  are  on  the  ground 

2.  Hop  height  if  trails  are  off  the  ground 

D.  Maximum  Input  Force  Values  Throughout  Firing  Cycle 

1.  Maximum  allowable  input  force  without  causing  backward  "hop" 

2.  Maximum  allowable  input  force  without  causing  sideways  "hop" 

The  summary  of  initial  conditions  describes  the  state  of  the  system  if  it  were 
on  level  ground  and  the  barrel  was  at  0°  QE  and  azimuth.  Moments  about  the 
rear  pivot  and  the  system  condition  (trails  are  on  the  ground  or  off  the 
ground)  are  output  at  specified  time  intervals  throughout  the  firing  cycle. 
Maximum  allowable  input  force  values  are  output  at  specified  increments  of  the 
recoil  stroke. 
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Appendix  HT5-C  Stability  Analysis  Method 
Description  of  Method 

The  summary  of  initial  conditions  in  the  output  are  simply  calculations  of. 
system  characteristics  in  a  static  situation.  The  component  masses  and  the 
coordinate  locations  of  their  centers  of  gravity  are  used  to  determine  the 
system  center  of  gravity  and  system  mass  moment  of  inertia.  In  order  to 
obtain  better  approximations  for  these  values,  here  and  throughout  the 
analysis,  a  technique  is  used  which  divides  the  barrel  into  small  mass 
segments.  After  the  initial  conditions  are  calculated,  the  system  is 
geometrically  repositioned  for  the  input  firing  conditions. 

The  system  safety  moment  is  defined  as  the  net  moment  acting  on  the  system 
about  the  pivot  point.  When  specific  input  force  values  and  barrel  positions 
are  known  at  very  small  time  intervals  throughout  the  firing  cycle,  a  safety 
moment  for  a  given  time  interval  can  be  calculated. 

Because  the  systems'  center  of  gravity  and  mass  moment  of  inertia  change  with 
barrel  position,  moment  arm  lengths  with  respect  to  the  pivot  point  will  also 
change.  Thus,  the  model  recalculates  these  values  for  each  point  in  time 
analyzed  during  the  firing  cycle.  At  this  same  time,  the  input  force  and 
system  weight  are  broken  down  into  those  components  which  want  to  "stabilize" 
the  system  and  those  which  want  to  "overturn"  the  system.  By  repeating  this 
procedure  throughout  the  firing  cycle,  a  profile  of  stabilizing,  overturning, 
and  safety  moments  is  created. 

Under  the  given  firing  conditions,  should  the  overturning  moment  acting  on  the 
system  exceed  the  stabilizing  moment  at  any  time  during  the  firing  cycle,  the 
system  becomes  unstable.  In  this  event,  the  model  uses  equations  of  angular 
motion  to  find  the  resulting  height  of  "hop".  As  shown  in  Figures  3-11  and 
3-12  of  Volume  3A,  the  LTHD  analysis  yielded  positive  safety  moments  and  no 
hop  occurred  during  the  firing  cycles. 

A  similar  approach  to  that  used  in  determining  the  safety  moments  is  used  to 
determine  the  maximum  allowable  input  force  at  any  given  position  of  the  gun 
barrel.  The  maximum  force  is  that  which  results  in  all  moments  acting  on  the 
system  summing  to  zero.  The  maximum  force  thus  creates  a  situation  of 
"borderline  stability"  in  either  the  backward  direction  or  sideways 
direction.  As  in  the  safety  moment  determination,  the  calculation  uses  the 
systems'  center  of  gravity  location  that  corresponds  to  the  gun  barrel 
position  being  analyzed. 
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INITIAL  CONDITIONS: 

WEIGHT  OF  RECOILING  COMPONENTS  <LB>  -  4527 

WEIGHT  OF  NON-RECOILING  COMPONENTS  (LB)  -  3774 

SYSTEM  WEIGHT  (LB)  -  B301 

INDIV.  TRAIL'S  SPRING  CONSTANT  (LB/IN)  -  0 

PLAY  IN  END  OF  TRAILS  (IN)  -  0 


AT  MAXIMUM  EXTENSION  OF  BARREL: 

CGZ  (IN)  -  203.2339 

CGY  (IN)  -  25.38302 

CGX  (IN)  -  47.99132 

DEFLECTION  OF  TRAILS  (IN)  ■  0 

MASS  MOMENT  OF  INERTIA  (LB-IN-SEC)  - 


1134324 


SWEEP  ANGLE  LEFT  (DEGREES)  -  0 
ELEVATION  ANGLE  (DEGREES)  .  o 
UPWARD  SLOPE  OF  HILL  -  FORWARD  (DEGREES)  -  O 
UPWARD  SLOPE  OF  HILL  -  SIDE  (DEGREES)  -  0 


DATA  FILE:  B:  DPLT.DAT  ( fc*.  ll-fee. 
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Negotiation  Issues 
FMC 

155MM  LIGHTWEIGHT  HOWITZER  DEMONSTRATOR 
Technical  Issues: 

Issue  6.  Provide  supporting  data  to  verify  claimed  weight  of  components. 

FMC  Response.  The  component  breakdown  for  the  FMC  LTHD  has  been  restructured 
to  conform  to  M198  terminology  and  is  shown  in  Figure  HT6-1.  To  this  list  has 
been  added  the  stress  analysis  method  and  accuracy  used  to  arrive  at  the 
planned  material;  the  estimated  probability  this  material  would  be  used  in  the 
demonstrator,  and  material  volume  and  density  estimates  used  to  arrive  at  the 
estimated  component  weights. 

Using  the  average  component  weights  provided  in  Figure  HT6-1  to  compare  with 
the  M198  equivalents,  we  find  the  LTHD  weights  to  be  as  follows: 


Item 

M198 

FMC  LTHD 

Cannon 

4,850 

3,756 

Carriage 

8,610 

3,471 

Recoil 

2,150 

1,525 

Fire  control 

150 

220 

Total 

15,760 

8,972 
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Figure  HT6-1.  FMC  LTHD  Component  Breakdown  (Sheet  1) 
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PROBA-  DENSITY  VOLUME  HEIGHT  L 
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A1000  .LTHD  Asseably  (Version  1.0)  1 
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2,357  300  3 

375  105  3 

11  3 
857  240  3 
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Figure  HT6-1.  FMC  LTHD  Component  Breakdown  (Sheet  2) 
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Figure  HT6-1.  FhC  LTHD  Componi 
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Figure  HT6-1.  FMC  LTHD  Component  Breakdown  (Sheet  5) 
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Figure  HT6-1.  FMC  LTHD  Conponent  Breakdown  (Sheet  6) 


FIELDS  -  EXPLANATION  AND  ABBREVIATIONS 

FIELD  C:  QUANTITY  FOR  NEXT  HIGHEST  LEVEL  (GIVEN  BY  FIELD  L). 

FIELD  D:  METHOD  USED  FOR  STRESS  ANALYSIS. 

TRAD  :  TRADITIONAL 

PUBL  -  PUBLISHED 

FEA  =  FINITE  ELEMENT  ANALYSIS 

FIELD  E:  ESTIMATED  ACCURACY  OF  STRESS  ANALYSIS  (IF  FIELD  D  HAS  AN  ENTRY  BUT  FIELD  E  HASN’T,  DESIGN  HAS 
CHANGED  SINCE  ANALYSIS). 

FIELD  F:  MATERIAL 

CF/E  =  carbon  fiber  with  epoxy  resin 
FRP  :  fiberglass  reinforced  plastic 

FIELD  G:  ESTIMATED  PROBABILITY  THAT  MATERIAL  LISTED  HILL  BE  FINAL  CHOICE. 

FIELD  I:  TOTAL  VOLUME  FOR  QUANTITY  OF  ITEMS  REQUIRED  (FIELD  C). 

FIELD  X:  TOTAL  HEIGHT  FOR  QUANTITY  OF  ITEMS  REQUIRED  (FIELD  C). 


Negotiation  Issues 


FMC 

155MM  LIGHTWEIGHT  HOWITZER  DEMONSTRATOR 
Technical  Issues: 

Issue  7.  Clarify  the  use  of  composite  materials  or  material  concepts  which 
incorporate  the  use  of  composite  material. 

FMC  Response.  This  is  largely  provided  by  Figure  HT6-1  in  our  response  to 
Issue  6.  The  general  methodology  used  and  planned,  with  discussion  of  a  few 
of  the  more  involved  components,  is  discussed  in  Appendix  HT7-A. 


Appendix  -  HT7-A 


Material  Considerations 

The  following  paragraphs  describe  the  methodology  planned  in  selecting 
materials/processes  and  performing  stress  analysis  to  Insure  that  the 
selection  is  not  suboptimal  from  either  a  component  or  system  viewpoint.  Then 
the  approaches  under  consideration  for  three  composite  components  (the  spade, 
platform,  and  trails)  are  discussed. 

Overview:  Some  components  will  not  be  considered  for  composites  due  to  the 
weight-cost-RAM-D  tradeoff.  Examples  of  (currently)  pre-designated  materials 
include  steel  (for  cannon  components  exposed  to  combustion  pressures), 
aluminum  (where  high  pressure  sealing  is  involved),  nltrided  titanium  (where 
high  pressure  sealing  surfaces  with  potential  exposure  to  nicks  and  dings  are 
Involved),  and  standard  components  whose  potential  weight  savings  do  not 
justify  development  cost  and/or  RAM-D  risk,  such  as  fire  contol,  bellows 
accumulators,  and  bearings. 

Components  designated  to  be  made  of  aluminum  constitute  1837  lbm  of  FMC's 
LTHD,  1737  lbm  of  which  are  currently  planned  for  alloy  7075-T6.  When  the  new 
lithium  alloys  of  aluminum  become  available,  their  9  to  tlOZ  weight  savings 
could  reduce  the  aggregate  weight  of  the  7075-T6  components  by  165  lbm. 

The  balance  of  components  will  be  considered  for  composite  construction.  The 
default  material  is  carbon  flber/epoxy.  When  conceptual  functions  initially 
take  form,  a  precursory  material  selection  and  approximate -stress  analysis 
will  be  undertaken  to  evaluate  one  general  approach  versus  alternatives. 

Stress  analysis  will  be  taken  to  greater  degrees  as  the  overall  concept 
advances  and  the  role  of  the  component  within  the  overall  system  becomes 
critical. 

Complex  parts,  where  needed  and  justified,  will  be  built  from  modular 
structural  elements  and  easily  assembled  into  the  total  structure.  Part 
replacement  is  therefore  easily  made  if  localized  damage  occurs.  Composite 
plate  structures  will  be  used  in  the  structure  to  absorb  load  and  provide 
damping  of  Impulse  loads  as  required. 

Composite  Components:  Composite  components  will  be  designed  to  be  easily 
replaced  (e.g.,  failure  from  unanticipated  nonstructural  loads).  Use  of 
multiple  prepreg  or  wet  lay- up  woven  roving  sheets  to  facilitate  load  bearing 
panel  construction  is  an  element  of  the  unit  construction/modular  construction 
method  to  be  used,  i.e.,  the  FMC  LTHD  is  to  be  constructed  of  easily 
fabricated  modular  parts  to  form  a  monocoque  structure.  Use  of  cored  sandwich 
panels  is  preferred  for  bolt-on  structural  panels  under  bending  loads. 

System  Integration:  Extensive  use  of  an  overall  finite  element  model  for  the 
entire  structure  will  permit  design  optimization  to  be  performed  over  all  load 
conditions  and  reaction  load  angle  inputs  due  to  firing,  towing,  air 
transportation,  and  ground  impact  from  parachute  and  1APES  drops. 


The  spade  analysis  in  Appendices  HT7-B,  -C,  and  -D  provides  an  example  of 
the  component  design  process  planned.  This  precursory  design  meets  all 
structural  requirements  as  well  as  it's  initial  weight  target.  ANSYS 
finite  element  analysis  for  several  trial  designs,  under  static  and 
dynamic  loading,  indicates  the  superiority  of  a  space-frame  design  over 
all-titanium,  all-steel  or  all-FG/EP  designs  for  several  anticipated  load 
cases . 

Other  possibilities  include  Al/SiC. 

Platform 

Plan:  Design  of  the  platform  is  performed  from  modular  built-up 
components.  A  space  frame  composed  of  carbon  fiber/epoxy  filament  wound 
tubes  and/or  composite  built-up  sections  made  from  carbon-fiber  woven 
rovings  (with  cored  inserts)  will  comprise  this  component. 

The  rearward  impulse  loads  from  the  recoil  cylinders  are  to  be  reacted 
into  this  structure  together  with  reactive  spade  loads  and  other  static 
loads.  These  input  loads  can  be  made  to  induce  (mostly)  tensile  and 
bending  stress  within  the  platform  by  proper  design. 

Use  of  optimized  (for  the  given  load  direction  and  magnitude)  multilayer 
bonded  carbon/epoxy  woven  roving  plates  in  this  structure  to  absorb  load 
completes  the  monocoque  design.  Additional  stiffening  elements  can  be 
bonded  onto  existing  structural  components  to  improve  capability  in 
certain  directions  if  a  directional  failure  mode  exists;  i.e.,  the 
structure  can  be  selectively  reinforced  in  certain  directions.  Metal 
bearings  and  other  load  bearing  and  load  transfer  surfaces  can  be 
constructed  with  weld-on  attachments  to  facilitate  bolt ing/ bonding  of  the 
adjacent  composite  structure  to  complete  load  paths. 

Use  of  alternate  materials  to  reduce  cost  is  dependent  upon  advanced 
stress  analysis. 

Trails 

Plan:  The  planned  trail  design  contains  a  three-dimensional,  space-frame 
lattice-work  of  (carbon  fiber/epoxy)  filament  wound  tubes.  These  tubes 
are  bolted/bonded  to  longitudinal  box  beams  through  special 
end-connection  junctions.  Reinforcement  with  Rohacell  foam  inserts  will 
increase  both  bending  stiffness  and  energy  absorption  capability. 

Use  of  additional  side  and  top  bolt-on  plates  made  from  a  choice  of 
carbon,  E-glass  or  Kevlar/epoxy  bonded  woven  rovings  then  closes  the 
structure  and  provides  additional  stiffness  for  bending  shear  and  tension 
loads.  Kevlar  over-wraps  cover  outside  parts  of  the  structure  to 
increase  scuff  resistance  greatly  while  providing  some  armor  capability. 


Opt  ion  1 :  Use  of  filament  over-wraps  over  modular,  bolt  together 
sections  of  space-frame  networks  is  also  a  viable  alternative 
construction  technique.  Choice  of  materials,  part  dimensions,  and  final 
configuration  are  dependent  upon  stress  analysis  results,  failure  mode 
analysis,  and  energy  absorption  capability.  (An  option  to  this 
construction  would  be  use  of  a  tapered  I-beam  made  from  carbon  fiber 
roving  layers  built  up  over  a  central  foam  core  web.  Advanced  analysis 
will  decide  the  optimum  construction  method.) 

Summary:  Several  advanced  iterations  in  the  design  process  are  expected 
in  order  to  select  a  near-optimum  design.  Quasi-static  and  dynamic  tests 
of  representative  structural  elements  will  be  performed  to  access  stress 
adequacy;  tension-field  tests  on  built-up  composite  layer  plates  with 
different  layer  stack-up  sequences,  as  well  as  standard  ASTM  shear  and 
tensile/compressive  tests,  then  will  confirm  materials  properties  used  to 
obtain  optimum  solutions  from  finite  element  analysis. 
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This  memo  addresses  further  load  cases  of  importance  to  the  lightweign* 
composite  howitzer  spade  design.  These  cases  relate  to  loading  origm^'-g 
from  rock  impact  upon  spade  seating  during  gun  firing.  For  the  firs’-  case 
point  loading  of  60,000  Ibf  is  assumed  to  occur  at  the  spade  bottom  on ge  at 
the  cei  .erline  (Figure  1)  while  the  top  edge  is  fixed.  The  material  of  ♦■he 
spade  is  carbon  fiber  and  properties  have  been  listed  in  the  previous  memo 
(CRO  to  BA,  A/1/85).  Figure  1  indicates  that  the  maximum  SIGE  stress  in 
the  fiber-wound  frame  is  55  ksi  which  is  less  than  the  material  breaking 
strength  of  120  ksi.  Vertical  deflection  under  load  (Figure  21  does  no- 
exceed  0.1  inches  indicating  that  the  internal  beam  lattice  network 
A)  is  effective  in  absorbing  vertical  load.  Beam  stress  values  in  f’S 
grid  network  are  listed  in  Figures  5  and  6  and  are  generally  low  innic1’'’- 
adequate  stress  safety  margin.  Stress  in  the  waffle  plate  (Figure  ' 
insert  (which  lies  inside  of  the  "picture  frame"  spade  boundary  fFiguro  ' 
and  over  the  beam  lattice  network  (Figure  A)  and  is  bonded  together  tv 
urethane  "poured"  into  the  waffle  plate  channels  and  depressions)  is  "»s< 
than  13  ksi  .  Stress  in  the  urethane  plugs  that  fill  the  waffle  p'a*a 
depressions  is  likewise  low  (Figure  7).  The  net  conclusion  of  tne 
analysis  is  that  the  lightweight  composite  spade  can  easily  survive  p---* 
loading  on  its  lower  edge  corresponding  to  impulsive  impact  wirh 
rock.  Although  cases  run  are  for  static  loading,  a  prior  memo  M. 
to  3.  Anderson  3/27/85)  indicates  a  251  increase  in  stress  levels 
dynamic  loading.  With  this  increase  over  static  stress  levels  :  .i-- 
safety  margin  remains  to  insure  survivability  of  the  composite  5ci',a. 


The  next  load  case  considered  consists  of  a  concentrated ,  localize;; 
load  set  (Figures  8,  9)  acting  on  the  spade  outer  face.  This  load'-' 
arises  from  impact  with  a  ground  imbedded  stone  upon  rearward  move-^"* 
the  spade  resulting  from  gun  recoil.  The  magnitude  of  th?  tota1  f:r 
acting  as  shown  in  Figures  8,  9  is  60,000  'bf ,  i.e.,  15,000  lbf  at  ea'* 
four  nodes.  SIGE  stress  results.  Figure  10,  indicate  high  loca’i:0^  s* 
around  the  spade  attachment  arms  at  the  fix»d  end.  Since  this  'ixen  ~~ 
pinned  in  actuality  and  can  be  easily  redesigned  to  withstand  hign  1  ~ 
the  end  zone  loads  Should  be  ignored.  On  rhe  filament  wound 
frame",  stress  is  less  than  85  ksi,  sti’l  below  the  failure  stnpng*- 
carbon  fiber.  Waffle  plate  stresses  (F-gu^e  11)  are  less  than  105 
the  region  around  the  load  points.  The  thickness  of  the  plate  ~ 
increased  over  the  value  used  for  the  present  design  (0.A  inches'  ' 
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this  stress  without  significant  weight  increase.  The  waffle  plate  can 
therefore  be  easily  modified  to  withstand  localized  impact  loading  without 
failure.  Figure  12  represents  the  stress  distribution  in  the  *eb  frame 
between  the  side  beams.  Again,  these  stresses  may  be  reduced  by  increasing 
web  plate  thickness  over  the  original  value  (0.5  inches).  Beam  lattice 
stress  (Figures  13,  14)  indicate  values  to  55  k s i  in  the  vicinity  of 
load  points.  This  stress  is  less  than  the  failure  stress  of  the  individual 
beams.  The  urethane  plug  stress.  Figure  15,  again  indicate  stress  levels 
below  failure  stress  for  that  material.  Addition  of  Kevlar  cover  plates 
over  the  waffle  plate  sides  will  further  add  to  the  safety  margin  of  the 
structure. 


From  the  two  load  cases  presented,  it  can  be  concluded  that  composite  spade 
impact  upon  ground  imbedded  stones  resulting  from  gun  recoil  forces  does 
not  cause  spade  failure.  Localize  high  stress  regions  can  easily  be 
redesigned  (usually  in  the  form  of  a  part  thickness  increase)  without  a 
large  weight  penalty.  These  two  load  cases  considered  together  with  two 
prior  cases  indicate  that  the  composite  spade  design  proposed  has  the 
capability  to  withstand  typical  service  loads  without  experiencing  part 
failure  and  still  retain  a  total  weight  less  than  200  lb. 


C.R.  Ortlof 
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FIC  Corporation 

Central  Engineering  Laboratories 

Interoffice 

V 

Bart  Anderson 

Northern  Ordnance  Division 

Date:  April  1,  1985 

ft 

Froa: 

C.R.  Ortloff 

cc:  R.  Kazares 

E.  Thuse 

_  Subject: 

Lightweight  Howitzer  Design 

The  design  of  a  lightweight  composite  howitzer  spade  is  accomplished  by 
means  of  the  following  elements: 

1.  An  outer  "picture  frame"  structure  (Figure  1)  with  an  integral 
lattice  network  of  beam  elements.  Additional  beam  elements 
(Figure  2)  also  provide  structural  stiffening  to  the  side  frame 
elements.  All  elements  may  be  metal  or  composite  material,  in  the 
latter  case  a  straight,  hoi  low, carbon  fiber,  fi lament  wound  structure 
(with  a  multiplicity  of  wind  angles!  and  with  a  trapezoidal  cross- 
section  may  be  made  and  deformed  into  the  configuration  shown  in 
Figure  1  before  curing  and  bonding.  Beam  elements  may  be  bonded 
into  this  structure. 

2.  A  "waffle"  plate  (Figures  3,  4!  of  multiple  layers  of  cross-oriented 
carbon  fiber  woven  roving  bonded  by  a  suitable  epoxy.  This  plate  is 
inserted  into  the  inside  of  the  picture  franv:  and  fits  over  the  beam 
lattice  network. 

3.  Chopped  fiber  reinforced  urethane  plugs  (Figure  5).  This  material 
(Figure  3)  is  poured  into  the  box  depressions  and  channels  of  the 
waffle  plate  to  bond  the  bar  elements  to  the  carbon  fiber  waffle 
plate  so  that  the  waffle  plate,  bar  elements  and  outer  picture  frame 
act  as  an  integral  structural  unit  under  load. 

4.  Bonded  cover  plates.  These  plates  cover  the  inner  and  outer 
surfaces  of  the  waffle  plate  and  provide  scuff  resistance.  These 
plates  may  be  a  few  layers  of  Kevlar. 

The  net  configuration  of  the  space  is  shown  in  Figures  6,  7  and  8  (with 
the  outer  covering  plates  removed). 

The  presence  of  a  metal  lower  edge  to  prevent  scuffing  of  the  composite 
lower  edge  upon  spade  ground  entry  (during  firing)  is  a  point  of  later 
design  consideration.  The  design  of  the  pin  connection  ends  are  omitted 
for  purposes  of  this  survey. 

The  next  questions  to  be  answered  are: 

1.  Does  the  design  presented  have  the  capability  to  withstand  impulsive 
pressure  loading  (Figure  9)  on  its  inner  concave  face  without 
f ai 1 ure? 
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2.  Can  the  proposed  design  withstand  edge  loading  of  60,000  Ibf  from 
gun-firing  spade  seating  without  structural  failure’ 

3.  Can  the  above  be  achieved  for  a  total  composite  spade  structural 
weight  less  than  200  lb’ 

Results  of  static  loading  to  65,000  Ihf/normal  area  of  space  are  snown 
in  Figures  9  to  17.  For  a  total  weight  of  1-18.5  lb  (Figure  9',  S I GE 
stresses  in  the  carbon  fiber  wound  frame  are  less  than  the  u!fimare 
stress  of  the  carbon  fiber  -ami*  (>150  ksi  tensile'  while  stresses  in 
the  carbon  fiber  woven  roven  waffle  plate  (Fie  re  ill  is  less  than  16 
ksi.  Stresses  in  the  urethane  filler  plugs  (F  gure  12'  are  less  than 
the  material  ultimate  stress  of  7  ksi.  Stress  in  elements  of  the  inner 
cover  sheet  (Figure  13)  are  far  less  than  design  ultimate  stress. 
Stress  in  the  bar  network  (element  numbers.  Figure  14)  are  listed  in 
Figure  15.  These  stresses  are  far  lower  than  the  failure  stress. 
Deflections  in  the  frame  center  line  are  about  1.5  inches  (Figure  16' 
while  maximum  waffle  plate  deflections  are  cn  the  same  order  (Figure 
17).  Property  tables  for  materials  are  given  in  Figure  18  wnile  reals 
are  given  in  Figure  19.  Tre  material  and  real  numbers  are  given  in 
Figure  2,  3,  and  5.  The  rea's  follow  the  same  number  code  as  the 
material  number  code  except  for  real  constant  set  2  for  which  the 
listing  represent  F^ea  ,  I**,  IZ7,  hX  and  nz  where  nx  reoresents  the 
distance  from  beam  neutral  axis  to  outer  fiber  for  example. 

Results  *rgn  e7ge  loading  case  '30,000  ibf  on  the  lower  half-section 
edge  at  72  to  the  horizontal.  fop  edge  fixed!  indicate  adequate  margins 
of  safety  in  SIGe  (Figure  20'  m  the  spade  area.  Figure  21  indicates 
adequate  waffle  plate  margins  of  safety  in  stress.  Figure  22  and  23 
indicate  that  the  bar  lattice  stresses  *re  low  (less  than  2  ksi)  for  the 
0.5  X  0.5  inch  bars.  Deflections  (Figures  24  and  25)  are  likewise  low 
in  both  X  and  Z  directions.  Dimensions  of  the  composite  spade  are 
contained  in  ANSYS  file  D V A 1 : T CRTL0FF .ABX  1LWH ,F 16 ; 1  on  storage  at  CEL. 

In  total,  the  low  weight  of  143.5  lb  indicates  that  additional  part 
strengthening  can  be  made  resulting  in  lower  stress  levels.  The  spade 
to  side  frame  element  joining  regions  are  the  sources  of  high  stress  and 
can  be  redesigned  to  lower  the  stress  level  and  still  keep  within  the 
upper  weight  margin.  The  feasibility  of  the  composite  spade  has 
therefore  been  demonstrated;  optimization  of  the  design  will  awail 
formal  contract  award. 


C.  R.  Ortloff 
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EDGE  LOADING 
(FIGURES  20  to  25 
are  for  edge  loading) 


V-  FRC  Corporation 

Central  Engineering  Laboratories 
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Lightweight  Howitzer  -  Spade  Analysis 
Preliminary  Stress  Calculations  (Static  &  Dynamic! 
on  All-Metal  (Steel,  Titanium)  A  FG/EP 
Thick-Spade  (Figure  1)  Configurations 


Per  your  request,  three  different  conf i gurat i ons  of  the  spade  concept  described 
in  Figure  1  have  been  analyzed;  steel,  titanium  and  fiberglass.  The  results  of 
these  preliminary  analyses  are  sunwarized  in  Table  1.  The  loading  for  these 
analyses  consists  of  a  static  pressure  (corresponding  to  max  recoil  force  of 
65,000  lb)  distributed  as  shown  in  Figure  2  (red  outlines).  Due  to  symmetry 
only  half  of  the  structure  was  modeled.  A  fixed  constraint  was  used  as  the 
boundary  condition  as  shown  in  Figure  2.  Stress  contour  plots  along  with 
displacement  plots  for  each  of  these  conf i gurat i ons  are  shown  in  Attachments 
A-C.  Disregard  the  high  stresses  at  the  locations  where  the  model  was 
constrained  as  this  area  was  not  modeled  accurately  for  this  preliminary  study. 

The  maximum  stress  in  the  region  where  the  pressure  load  was  applied  is 
approximately  8000  psi.  for  each  case  analyzed. 

In  addition  to  the  above  analyses,  one  transient  dynamic  pressure  load  cas»  was 
run  for  the  steel  spade  for  the  purpose  of  determining  dynamic  effects  of  're 
loading  described  in  Figure  3.  The  maximum  stress  in  the  pressure  surface 
region  increases  25%  from  the  static  load  casp  to  15,000  psi.  Di sp 1 acarpn*  any 
stress  contour  plots  are  shown  in  Attachment  P. 


Each  of  the  above  load  cases  assumes  the  spade  is  already  embedded  in»o  'ho 
ground.  The  final  load  case  analyzed  for  the  steel  spade  consists  of  a 
comp'-essive  force  160,000  lb)  beinc  aopl'ed  as  shewn  in  Figure  A  ( rpd  a-r-ws '  . 
This  is  just  an  estimate  of  the  force  applied  to  the  spade  if  gun  wpre  f'-ed 
without  the  spade  being  embedded  irto  the  ground.  A  maximum  stress  of  p«.  • 
results  from  this  loading.  Deflection  and  stress  contour  plots  are  shew-  -- 
Att acnrent  F . 
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The  results  of  this  preliminary  analysis  indicates  that  each  of  the 
configurations  analyzed  can  withstand  the  given  loading.  However,  it  should  be 
noted  that  the  purpose  of  this  analysis  was  to  determine  if  this  concept  is  a 
viable  one,  not  to  do  a  detailed  analysis  of  the  proposed  design. 
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TABLE  1 


STEEL 

2300  1b. 

0.15  in. 

8000  psi  . 

TITANIUM 

1300  lb. 

0.27  in. 

8000  psi  . 

FIBERGLASS 

800  lb. 

1.25  in. 

8000  psi  . 

MATERIAL  PROPERTIES 

MATERIAL 

YOUNGS  MODULUS 

POISSON  RATIO 

DENSITY 

STEEL 

TITANIUM 

FIBERGLASS* 


30X10 

lb/in4 

0.3 

0.283 

1  b  /  i  n 

1 7  X 1 G  6 

1  b  / 1  n  ^ 

0.33 

0.161 

1  b  /  i  n 

5X1U6 

lb/in^ 

0.20 

0.10 

1  b  /  i  n 

*  GXY  =  GXZ  =  GYZ  =  6X105  lb/in2 


APPENDIX  HT7  -  Dll 


STATIC  PRESSURE  LOAD 
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SPADE  MODEL  3/13/85 
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ATTACHMENT  D 

Displacement  and  Stress  Contour  Plots  -  Steel  Spade 

Transient  Dynamic  Analysis  Results 


H77-£8 
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ATTACHMENT  E 


Displacement  and  Stress  Contour  Plots  -  Steel  Spade 

Coapressive  Load  Case  Results 
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Negotiation  Issues 
FMC 

155MM  LIGHTWEIGHT  HOWITZER  DEMONSTRATOR 
Technical  Issues: 

Issue  8.  Provide  additional  detail  to  illustrate  the  operation  o£  key 
subsystems;  i.e.,  traverse  mechanism  operation  and  load  tray  interference  at 
various  traverse  positions. 

FMC  Response.  Photographs  of  the  FMC  LTHD  model  (1:12  scale)  shown  in  Figures 
HT8-1  through  -3  illustrate  the  operation  of  the  traverse  cylinder  and  load 
tray  at  traverse  and  elevation  extremes  during  loading  and  ramming.  The 
traverse  cylinder  has  been  color-coded  "wood  pencil  yellow"  for  easy 
identification.  The  traverse  cylinder  attachment  points  have  been  color-coded 
"oil-base  clay  green"  for  the  same  reason. 


Ramming 
Figure  HT8-2. 


Ramming  Close-Up 


Load  Tray  Operation  at  400  Mils  Left 
Traverse  ( Zero  QE) . 
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The  Weight-Stability  Relationship 


NONRECOILING  MASS 


RECOILING  MASS 


\  \  hR" 


TRUNNION  HEIGHT 


VARIABLES  NOT  SHOWN 

ELEVATION 
TRAVERSE 
FORWARD  SLOPE 
SLIDE  SLOPE 

SYSTEM  ELLA^TlCiTy 


PIVOT  POINT 


HOP  IS  NORMALLY  VIEWED  AS  "REARWARD  HOP”,  AS  SHOWN. 
"SIDE  HOP"  IS  ALSO  ANALYZED,  BUT  NOT  SHOWN. 
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BA 


•FMC 


Overview  of  the  Configuration 
Three  1/12  Scale  Models 

HAVE  BEEN  CONSTRUCTED 

from  Computer  Models 
to  Validate  our  Concepts 

#1  ILLUSTRATES  THE  SYSTEM  CONCEPT  INITIALLY  PROPOSED 

Additional  models  validate  Subsytem  Revisions  from  BAFO 
(addressing  high  QE  loading) 

#2:  Load  Tray  to  facilitate  high  QE  loading 
#3:  Platform-Spades-Gimbal  Unit  compatible  with  Load  Tray 

Eventually  #1  will  be  upgraded 

TO  INCLUDE  THE  SUBSYSTEM  MODELS 
CURRENTLY  UNDER  CONCEPTUAL  DEVELOPMENT 
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BA 


Overview  of  the  Configuration,  continued 


A.  Emplacement 

1.  Extend  Platform,  which  opens  breech 

-  Using  the  strap  winch  mounted  to  dolly 

-  Yoke  tube  locks  should  snap  into  place 

2.  Verify  Yoke-Tube  Locks. 

3.  Release  Travel  Locks 

4.  Unlatch.  Spread,  and  Relatch  Trails 

5.  Unlatch  Spades.  Swivel  Down,  Relatch 

a.  Latching  of  spades  is  achieved  by 

-  Bolt  going  thru  spade  perimeter  into  platform 

-  Multiple  holes  are  provided  in  spade  perimeter 

b.  Spade  Depth  (Arc)  can  be  varied  to  suit  terrain 

6.  Remove  Helicopter  Sling 

7.  Unlatch  Dolly  Clamps 

8.  Elev  Cannon  off  Dolly  (driving  Spades  into  Ground) 

9.  Remove  Dolly  (if  Firing  below  250  mils) 
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Overview  of  the  Configuration,  continued 


B.  Components 

1.  M185  Style  Breech  (auto  opening) 

a.  Open  with  loose  wrench  intead  of  standard  handle 

-  standard  handle  hits  load  tray 

-  LONGER  HANDLE  OVERCOMES  STRONGER  SPRING 

b.  Stronger  closing  spring  for  high  QE  closure 

2.  Auto  Primer  is  mounted  to  the  Breech 
a.  Spent  primer  is  ejected 

-  WHEN  BREECH  OPENS.  OR 

-  VIA  TRIPPING  A  LEVER 

B.  New  PRIMER  IS  INSERTED 

-  WHEN  BREECH  CLOSES,  OR 

-  BY  REVERSING  THE  TRIPPING  LEVER 

c.  Clip  Holds  Ten  Primers. 

3.  39.3  caliber  barrel  with  M199  combustion  chamber 

a.  Same  maximum  range  as  M198 

b.  Same  resistance  to  stickers  as  M198 

4.  M199  Muzzle  Brake  with  Integral  Lunette 

a.  Employing  Barrel  as  backbone  during  towing 

5.  Recoil  Cylinders  Above  and  Below  Cannon 

a.  Free  recoil  delays  loading  until  shot  ejection 

B.  98  INCH  EFFECTIVE  STROKE  PLUS  4  INCH  OVERTRAVEL 

6.  Slide  Tubes  (10.5  inch  OD  Composite)  guide  Recoil 

a.  Provide  Maximum  Stiffness  at  Minimum  Weight 

b.  Protect  crew  from  superlong  recoil  stroke 
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Overview  of  the  Configuration,  continued 


B.  Components,  continued 

7.  Titanium  Gimbal  carries  load  into  Platform 

8.  Integral  Platform-Spades-Gimbal  Unit 

a.  Eliminates  loose  spades 

9.  Two  Elev  cyls  provide  equil.  AZ.  hi  QE  breech  access 

10.  Swivel  down  Load  Tray 

a.  Increases  ramming  acceleration  distance 
-  Reducing  Ramming  Forces  at  Max  QE 

b.  Keeps  arms  out  of  breech,  reducing  risk  of  injury 

11.  Forward  Composite  Trails 

a.  Provides  balanced  weight  distribution 

b.  Places  almost  3,000  pounds  over  spades 

12.  Dolly  employs  HMMWV  tires  in  tandem 

a.  Simplifies  logistics 

b.  "Wheelbase"  improves  pothole  resistance 

c.  Piggybacks  HMMWV  wheel-tire  weight  savings  efforts 


LTHD 

4  March  1986 

BA 


Overview  of  the  Configuration,  continued 


C.  Laying  Tube 

1.  Equil  and  Elev  Forces  are  Provided  by  Hydraulics 

2.  These  Functions  are  combined  into  each  Cylinder 

3.  The  Cylinders  are  attached  near  Trails 

a.  Facilitates  an  open  center  for  high  QE  loading 

-  Initial  Concept  used  one  centered  Cylinder 
which  obstructed  ramming  staff  access 

b.  Cannon  elevation  loads  bypass  Platform 

-  Simplifies  and  lightens  Platform 

4.  Cylinders  are  Simplified  thru  over-equilibration 

a.  Resulting  in  the  need  for  only  2  control  chambers 

-  Chamber  1  provides  depression  force 

-  Chamber  2  provides  equilibration  force 

-  Chambers  2L  and  2R  are  commoned 

b.  All  Control  is  achieved  thru  Chamber  1 

-  Adjusting  oil  vol  uniformly  in  1L  &  1R  sets  QE 

-  elev  is  achieved  by  venting  to  tank 

-  Depression  is  achieved  by  pressurization 

-  Transferring  oil  between  1L  and  1R  sets  AZ 
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Overview  of  the  Configuration,  continued 
D.  Loading  and  Firing 

1.  Adjust  Ramming  Staff  Length  for  Elevation 

a.  Six  foot  handle  below  600  mils 

b.  Four  foot  handle  from  600  to  800  mils 

c.  Two  FOOT  handle  ABOVE  800  MILS 

2.  Move  Projectile  from  Carrier  into  Load  Tray 

a.  Slide  forward  below  800  mils 

b.  Flip  backward  above  800  mils 

3.  Drop  Load  Tray  (two  hands  required) 

4.  Projectile  Handlers  Initiate  Motion  (above  600  mils) 

-  Apply  Force  to  Ramming  Staff  in  direction  of  Breech 

5.  Projectile  is  positioned  for  Ram  one  foot  from  breech 

6.  Projectile  is  rammed  thru  a  54  inch  stroke  (at  max  QE) 

7.  Ramming  Staff  is  partially  retracted 

8.  Propellant  is  set  into  Load  Tray 

9.  Propellant  is  positioned  in  the  Chamber 

10.  The  Ramming  Staff  is  fully  retracted,  which  helps 

11.  Retract  the  Load  Tray,  which 

12.  Trips  Breech  Closed,  which 

13.  Inserts  the  Primer. 

14.  Twist  Lanyard  Rod 

a.  This  actuates  a  lever  on  the  Auto  Primer  which 

b.  Trips  the  Lanyard  Lever  on  the  Auto  Primer 

15.  Ignition  and  Recoil 
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Overview  of  the  Configuration,  continued 


D.  Loading  and  Firing,  continued 


16.  Counter-Recoil,  which 

17.  Opens  Breech,  and 

18.  Ejects  Primer. 

19.  Every  ten  rounds  or  with  Stickers  and  Cookoffs 

a.  Tube  should  be  depressed 

b.  Combustion  Chamber  should  be  swabbed  out 

c.  Primer  Clip  should  be  replaced 


E.  Misfires 

1.  Wait  three  minutes,  if  no  recoil 

2.  Replace  spent  primer 

a.  Rook  Lever  on  Auto  Primer  with  Rammer 

b.  Pull  down,  ejecting  spent  primer 

c.  Inspect  primer 

d.  If  mechanism  appears  to  be  working  satisfactorily 

e.  Push  up  Lever  on  Auto  Primer  with  Rammer 

f.  Which  inserts  new  primer 

3.  Resume  Load-Fire  Process  at  Step  14,  Twist  Lanyard 


F.  Hangfires 

1.  Wait  three  minutes 

2.  If  no  recoil,  treat  as  Misfire 

3.  If  Recoil,  Resume  Load-Fire  Process  from  the  top 
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Overview  of  the  Configuration,  continued 


G.  Stickers 

1.  Wait  three  minutes 

2.  Combustion  Chamber  is  vented 

a.  Hook  Lever  on  Auto  Primer  with  Rammer 

b.  Pull  down,  ejecting  primer  and  releasing  gas 

3.  Tube  is  Depressed 

4.  Breech  is  Opened  with  Wrench 

5.  Projectile  is  Removed  (unless  plan  is  Larger  Charge) 

6.  Primer  Clip  is  Replaced  if  Necessary 

7.  Tube  is  Elevated 

8.  Load-Fire  Process  is  Resumed 

a.  With  new  Projectile,  Step  2  (Load  Projectile) 

b.  With  larger  Charge.  Step  8  (Load  Propellant) 


A 
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Overview  of  the  Configuration,  continued 


H.  Cookoff 


Swivel  Load  Tray  Up 

a.  To  the  Stop,  to  Complete  Load-Fire  Process 

b.  Partially,  to  burn  charge  in  the  atmosphere 

~  Slosh  water  up  Load  Tray  to  protect  it  from  heat 
depress  tube  to  clean  out  combustion  chamber 
-  Resume  Load-Fire  Process,  Step  8  (Load  Charge) 

Note  Position  of  Temperature  Indicator 


I.  Speedshift 

1.  Unlatch,  Swivel  Up,  Relatch  Spades 

2.  Elevate  Cannon  to  250  mils 

3.  Position  Dolly  under  the  Cannon 

4.  Depress  Cannon  to  Zero  QE 

5.  Latch  at  least  two  (diagonal)  Dolly  Clamps 

6.  Lock  One  Rear  Wheel 

7.  Lift  Cannon  at  the  Muzzle  Brake  and  Traverse 

8.  Unlatch  Dolly  Clamps 

9.  Unlatch,  Swivel  Down,  Relatch  Spades 

10.  Elevate  Cannon  off  Dolly  (driving  Spades  into  Ground) 

11.  Remove  Dolly  (if  Firing  Below  250  mils) 


\ 
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Overview  of  the  Configuration,  continued 


J.  Displacement 

1.  Unlatch,  Swivel  Up,  Relatch  Spades 

2.  Elevate  Cannon  to  250  mils 

3.  Position  Dolly  under  the  Cannon 

4.  Depress  Cannon  to  Zero  QE 

5.  Release  Yoke-Tube  Locks 

6.  Lift  Breech  Cam  and  Close  Breech 

7.  Latch  Dolly  Clamps 

8.  Retract  Platform  with  strap  winch 

9.  Unlatch,  Close,  Relatch  Trails 

10.  Secure  Travel  Locks 
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A  View  of  the  FMC  Approach  in  Retrospect 
The  Traditional  Howitzer  Configuration 

HAS  BEEN  ALTERED 

BECAUSE  IT 

Retains  M198  Stability  at  below  Weight  Target 

WHILE  FACILITATING  THE  USE  OF 

Traditional  Lightweight  Structures 

AND  REDUCING 

System  Risk  through  Diversification  of  Subsystem  Risk 
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A  View  of  the  FMC  Approach  in  Retrospect,  continued 

A.  Reconfiguration  retains  M198  Stability  through 

1.  Lower  Trunnion  Reduces  Overturning  Moment  Arm 

2.  Superlong  Recoil  Stroke  Reduces  Recoil  Forces 

3.  Minimization  of  Non-Recoiling  Mass  with  Composites 

4.  Maximizing  Recoiling  Mass  Reduces  Recoil  Forces 

5.  Shaping  of  Recoil  Force  Profile  Maximizes  Stability 

6.  Increased  vertical  spade  loads  resist  lift-out 
-  Due  to  balanced  distribution  of  weight 

7.  Increased  spade  area  (increases  skid  resistance) 


\ 
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A  View  of  the  FMC  Approach  in  Retrospect,  continued 

B.  Traditional  Lightweight  Structures  include 

1.  Organic  Composite  Construction 

a.  Trails 

b.  Slide  tubes  used  to  guide  cannon  recoil 

c.  Projectile  Carrier 

d.  Load  Tray 

2.  Metal/Organic  Composite  construction 

a.  Two  Cannon  Mounting  Yokes 

b.  Recoil  Mounting  Yoke 

c.  Platform 

d.  Bellows  Accumulators 

3.  Titanium 

a.  Spades 

b.  Breech  Cam 

c.  Gimbal 

4.  7075-T6 

a.  Recoil  Cylinder  Assemblies 

b.  Elevation/Equilibration  Cylinder  Assemblies 

5.  Space  Frame  construction 
a.  Dolly 
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A  View  of  the  FMC  Approach  in  Retrospect,  continued 

C.  Subsystem  Risk  is  Diversified  Through 

1.  Employment  of  a  traditional  (but  long)  Recoil  System 

2.  Compatibility  with  Soft  Recoil  through  Forward  Trails 

3.  Compatibility  with  Superlong  Microprocessor  Recoil 

4.  Tandem  HMMWV  tires  to  reduce  "suspension"  stiffness 

-  M198  Tires  are  3+  times  stiffer  (45  vs  20  psi) 

5.  Dolly  Simplifies  Addition  of  Suspension  (if  Needed) 

-  If  softer  tires  aren't  enough  due  to 

-  Reduced  moment  of  inertia  from  less  weight 

-  Higher  CG  from  weight  reduced  lower  carriage 

6.  Reduced  Blast  Overpressure  Exposure  to  Crew 

-  Muzzle  Brake  is  roughly  ten  feet  further  from  crew 

7.  Contingencies  for  Additional  Hop/Slide  Margin 

-  Recoil  Overtravel  Buffers  could  Reduce  Forces  4% 

-  No  Free  Recoil  could  Reduce  Forces  another  4% 

-  Addition  of  Mini-Spades  on  Trail  Ends  could 

-  Increase  Recoil  Force  necessary  to  produce  Hop 

-  Increase  Spade  Area  resisting  skid 

-  Spade  Modifications  Could  Provide  a  Secondary  Recoil 
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A  View  of  the  FMC  Approach  in  Retrospect,  continued 

8.  Many  Components  Compatible  with  Multiple  Technologies 

-  Spades  (Steel,  Ti.  or  SiC/Al  Metal  Matrix) 

-  Outer  Elevation  Cylinder  (Al,  Al/Li.  SiC/Al,  CFE/Ti) 

-  Outer  Recoil  Cylinder  (Al,  Al/Li,  SiC/Al,  or  CFE/Ti) 

-  Already  Configured  for  Heat  Rejection  (CFE/Ti) 

-  By  orificing  against  outer  cylinder 

-  Gimbal  (Ti  or  Al) 

-  Yokes  (Ti/Composite.  Al.  or  Ti) 

-  Recoil  Accumulators  (bellows  or  piston) 

-  Dolly  (Race  Car  Space  Frame  Technologies) 
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ANALYSIS  AND  DESIGN 


1.  BALLISTICS 


^2  «t ,  i 

2.,  FIRING  STABILITY 

I fl- t.  (W*s'u 
Clo.. 


TOWING  STABILITY 
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BALLISTICS 

.  BARREL  LENGTH 

.  ZONE  8S 

.  ZONE  1 
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LTHD  BARREL  LENGTH  TO  MAINTAIN  M198  RANGE 


ft 

M198 

LTHD 

% 

RECOIL  COMPONENT  WEIGHT,  LBS 

7258 

4611 

g 

RECOIL  COMPONENT  MASS.  SLUGS 

225 

143 

P  ^ 

TIME  PROJECTILE  IS  IN 

E 

BARREL.  MILLISECONDS 

12.79 

12.74 

i 

MUZZLE  VELOCITY  WITH  RESPECT 

TO  GROUND.  FT/SEC 

2831.1 

2825.6 

i  & 
i  ,y 

■ 

RANGE.  METERS 

24309 

25252 

1  « 

LTHD  BARREL  LENGTH  «  M198  BARREL 

LENGTH  ♦ 

1.8  INCHES 

8 

I 

i 


LTHD 

4  March  1986 
SD 


•1 


RECOILING  MASS=1  4-3 
(LTHD) 
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ZONE  8S  (WORST  CASE)  BALLISTICS 

TEMPERATURE: 

145  DEGREES  F 

CHARGE:  ZONE  8S 
M203 
M203A1 

PROJECTILE: 

M549  (96  LBS) 

XM795  (105.6  LBS) 


l 
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8 

BALLISTIC  PARAMETERS 


I 


BORE  CROSS-SEC  AREA.  SO.  IN. 

29.81 

BORE  DIAMETER.  IN 

6.16 

SHOT  START  PRESSURE.  PSI 

2000 

A 

BARREL  RESISTANCE  PROFILE 

V. 

INCHES.  PSI 

ii 

0.4 

2512 

1.0 

3712 

•  .* 

1.6 

2719 

2.1 

2437 

k 

4.5 

1875 

/v; 

212 

1365 

i 

PROJECTILE  WEIGHT.  LBS 

a; 

M549  PROJECTILE 

96 

Si 

XM795  PROJECTILE 

105.6 

* 

BARREL  LENGTH.  INCHES 

i 

M198 

198.6 

'k  ■ 

LTHD 

198.6 

CHAMBER  VOLUME.  CU.  IN. 

n 

WITH  M549  PROJECTILE 

1147 

.■* 

*»*» 

WITH  XM795 

1188 
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CHARGE  CHARACTERISTICS  -  M203 


PRIMER 

WEIGHT,  LBS  .25 

CO-VOL,  CU.  IN.  /LB  24.3 

IMPETUS. IN-LBF/LB  1260000 

RATIO  OF  SP.  HEATS  1.25 

FLAME  TEMP.  K  2380 

PROPELLANT  -  M30A1 

WEIGHT.  LBS  26.3 

CO-VOL.  CU.  IN.  /LB  29.13 

IMPETUS. IN-LBF/LB  4312800 

RATIO  OF  SP.  HEATS  1.2380 

FLAME  TEMP.  K  3025 

DENSITY, LB/CU.  IN.  .06  • 

GRAIN  DIA,  IN  .4514 

GRAIN  LENGTH,  IN  1.0124 

BURNING  RATE  COEFF. 

IN/SEC/PS  .0049310 

BURNING  RATE  EXPONENT  .6743 

PERFORATION  DIA..  IN  .0451 

PERFS  PER  GRAIN  1 

WITH  M549  PROJECTILE: 

MAX  PRESSURE,  PSI  54400 

(145  DEG  F) 


MUZZLE  VELOCITY,  FT/SEC  2843 
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CHARGE  CHARACTERISTICS  -  M203A1 


PRIMER 

WEIGHT.  LBS  .10625 

C0-V0L.  CU.  IN.  /LB  24.3 

IMPETUS. IN-LBF /LB  1260000 

RATIO  OF  SP.  HEATS  1.25 

FLAME  TEMP.  K  2380 

PROPELLANT  -  M30A1 

WEIGHT.  LBS  28.0 

CO-VOL.  CU.  IN.  I  LB  27.23 

IMPETUS. IN-LBF /LB  3982200 

RATIO  OF  SP.  HEATS  1.2506 

FLAME  TEMP.  K  2629 

DENSITY. LB/CU.  IN.  .0593 

GRAIN  DIA.  IN  .240 

GRAIN  LENGTH.  IN  29.00 

BURNING  RATE  COEFF, 

IN/SEC/PS  .0009173 

BURNING  RATE  EXPONENT  .8074 

PERFORATION  DIA.,  IN  .080 
PERFS  PER  GRAIN  1 
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CHARGE  CHARACTERISTICS  -  M203A1  CONTINUED 


COMBUSTIBLE  CASE  -  NC 

WEIGHT,  LBS 

1.75 

CO- VOL,  CU.  IN.  /LB 

30.00 

IMPETUS, IN-LBF/LB 

2160000 

RATIO  OF  SP.  HEATS 

1.250 

FLAME  TEMP,  K 

1553 

DENSITY, LB /CU.  IN. 

.0340 

GRAIN  DIA.  IN 

6.25 

GRAIN  LENGTH,  IN 

30.35 

BURNING  RATE  COEFF, 

IN/SEC/PS 

.0015 

BURNING  RATE  EXPONENT 

1.0 

PERFORATION  DIA.,  IN 

6.226 

PERFS  PER  GRAIN 

1 

WITH  M549  PROJECTILE: 

MAX  PRESSURE,  PSI 

(145  DEG) 

56000 

MUZZLE  VELOCITY,  FT/SEC  2820 
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VARIATION  IN  IMPULSE  CALCULATIONS 

CONDITIONS: 

M203  CHARGE  (8S)  -  145  DEGREES  F 
M549  PROJECTILE 

MUZZLE  BRAKE  IMPULSE  (LB-SEC) 

MOMENTUM 


INDEX 

FMC 

ARDC 

l  VAR 

0  (NO  BRAKE) 

12,285 

13,500 

-9.0 

.73 

10,200 

10.500 

-2.4 

1.45 

8,140 

8,800 

-7.5 
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ZONE  i  BALLISTICS 


--  FOR  CAM  SIZING 


TEMPERATURE: 


-60  DEGREES  F 


CHARGE:  ZONE  1 


M3A1  ZONE  1 
XM215 


PROJECTILE: 

M549  (96  LBS) 

M485  (92  LBS) 

MINIMUM  STROKE:  14.9  INCHES 
MINIMUM  IMPULSE:  2,073  LB-SEC 
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CHARGE  CHARACTERISTICS  -  M3A1  (ZONE  1) 


PRIMER 


WEIGHT.  LBS 

.25 

CO-VOL,  Cl).  IN.  /LB 

24.3 

IMPETUS. IN-LBF/LB 

1260000 

RATIO  OF  SP.  HEATS 

1.25 

FLAME  TEMP.  K 

2380 

:llant  -  mi 

WEIGHT,  LBS 

1.7688 

CO-VOL,  CU.  IN.  /LB 

30.57 

IMPETUS, IN-LBF/LB 

3660000 

RATIO  OF  SP.  HEATS 

1.2593 

FLAME  TEMP,  K 

2417 

DENSITY. LB/CU.  IN. 

.0567 

GRAIN  DIA,  IN 

.1079 

GRAIN  LENGTH.  IN 

.4963 

BURNING  RATE  COEFF, 

IN/SEC/PS 

.0032310 

BURNING  RATE  EXPONENT 

.6857 

PERFORATION  DIA.,  IN 

.0451 

PERFS  PER  GRAIN 

1 

M549  PROJECTILE: 

MAX  PRESSURE,  PSI 

(-60  DEG  F) 

4900 

MUZZLE  VELOCITY,  FT/SEC 

695 
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CHARGE  CHARACTERISTICS  -  XM215 


PRIMER 

WEIGHT.  LBS  .10625 

C0-V0L.  CU.  IN.  /LB  24.3 

IMPETUS . IN-LBF / LB  1260000 

RATIO  OF  SP.  HEATS  1.25 

FLAME  TEMP,  K  2380 

PROPELLANT  -  Ml 

WEIGHT.  LBS  3.3 

CO-VOL.  CU.  IN.  /LB  30.57 

IMPETUS , IN-LBF / LB  3660000 

RATIO  OF  SP.  HEATS  1.2593 

FLAME  TEMP,  K  2417 

DENSITY, LB/CU.  IN.  .05670 

GRAIN  DIA,  IN  .0514 

GRAIN  LENGTH,  IN  .2245 

BURNING  RATE  COEFF, 

IN/SEC/PS  .0032310 

BURNING  RATE  EXPONENT  .6857 

PERFORATION  DIA.,  IN  .018 

PERFS  PER  GRAIN  1 
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CHARGE  CHARACTERISTICS  -  XM215  CONTINUED 


COMBUSTIBLE  CASE  -  NC 


WEIGHT.  LBS 


CO- VOL,  CU.  IN.  /LB 


IMPETUS, IN-LBF/LB 


RATIO  OF  SP.  HEATS 


FLAME  TEMP.  K 


DENSITY, LB/CU.  IN. 


GRAIN  DIA,  IN 
GRAIN  LENGTH.  IN 


BURNING  RATE  COEFF. 


IN/SEC/PS 


BURNING  RATE  EXPONENT 


PERFS  PER  GRAIN 


WITH  M549  PROJECTILE: 


MAX  PRESSURE,  PSI 


(-60  DEG  F) 


30.00 


2160000 


1.250 


1553 


.0340 


.0015 


PERFORATION  DIA.,  IN  5.766 


8010 


MUZZLE  VELOCITY.  FT/SEC  894 
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80,000 


MASS  MOMENT  OF  INERTIA 
VS 

STROKE 


75,000 


MASS 

MOMENT 

OF 

I NERT  I  A 


70,000 


65,000 


FOOT 

POUNDS 

SECOND 

SQUARED 


FROM 

REAR 

PIVOT 


60,000 


55,000 


50,000' 


45,000- 
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RECOIL  FORCE  VS  STROKE 
WORST  CASE 


RECOIL  STROKE,  FEET 
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% 


& 


* 
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FIRING  STABILITY  RESULTS 


WORST  CASE 
RECOIL  FORCE: 

ALWAYS  AT  LEAST  6.92  UNDER  MAX  ALLOWABLE  FORCE 
ON  FLAT  GROUND 

ALWAYS  AT  LEAST  4.61  UNDER  MAX  ALLOWABLE  FORCE 
ON  102  GRADE  FORWARD  AND  SIDE 

UNSTABLE  AT: 

232  GRADE  UPHILL  (13  DEGREES) 

OR  382  GRADE  SIDE  SLOPE  (21  DEGREES) 

OR  192  GRADE  UPHILL  AND  SIDE  SLOPE  (11  DEGREES) 


S 
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TRAILS: 


PRELIMINARY 

TRAIL 

SPRING  CONSTANT. 
LB /INCH 


HOP  HT.  DIST  IN  TIME. 

IN.  STROKE.  IN  MSEC 


RIGID 

0 

—  — 

“  “ 

100.000 

0.131 

12.9 

21 

50.000 

0.301 

17.0 

27 

10,000 

1.428 

33.8 

50 

5.000 

2.28 

43.9 

66 

2.500 

3.42 

57.0 

88 

OTHER  COMPONENTS: 

NON-LINEAR  ELEMENTS  -  FEA  MODELS  USED 


» 


LTHD 

4  March  1986 
SD 


•FMC 


COUNTER-RECO I L  CUSHION 


MAXIMUM  ALLOWABLE  DECELERATING 
FORCE  VS  STROKE 

47*  QE 
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4  March  1936 
SO 


BATTERY  POSITION 


4  1 


STATIC  ANALYSIS 


DIST.  BETW.  WHEELS 
IN. 


TIPPING  ANGLE 


STOW 

M198 

TOW 

M198 

LTHD 

— 

— 

—  — - 

T.B.D. 

53.1 

52.8 

92.8 

92.8 

83.0 

T.B.D. 

41.1 

38.2 

WHEEL  LOCATIONS  OPTIMAL 
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TOWING 


DYNAMIC  ANALYSIS 


M198 

LTHD 

TIRE  SPRING 
LB /IN 

CONSTANT, 

4,507 

1,312 

DAMPING  COEFFICIENT 

.019 

.019 

TOW  WEIGHT, 

LBS 

15,780 

8,982 

TIPPING  MASS  MOMENT  OF 
INERTIA  (FROM 
WHEEL  ALONG  AXLE), 

FT-LB-SECG2  19,065  9.272 


TOW  SPEEDS 

5,  25.  45  MPH 

MODEL  BOTH  LTHD  &  M198.  BUMPS,  HOLES 

PLAN :  ADAMS 
DRAM 

DEVELOP  OWN  SOFTWARE 
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Work  Underway  at  CEL 

A.  Finite  Element  Model  at  CEL  will  Model  (during  Phase  1) 

1.  Platform, 

2.  Spades, 

3.  Trails, 

4.  Gimbal. 

5.  Traverse  Bearings, 

6.  Slides,  and 

7.  Representations  of  the 

-  Elevation  cylinders 

-  Elevation  Yoke 

B.  This  will  provide 

1.  Configuration  candidates 

2.  Better  weight  and  cost  estimates 

3.  A  Measure  of  Structural  Elasticity 

-  Which  will  Impact  Firing  Stability  Analysis 

-  Feasibility  of  QE/AZ  Cylinder  Anchors  near  Trails 


•FMC 


Areas  of  Current  Design  Emphasis 
A.  Materials 

1.  Behavior  of  Teflon  on  composite  Slides  during  Recoil? 

2.  Is  Fill,  Bl.  HELICOPTER  JOINT  TECHNOLOGY  APPLICABLE? 

3.  IS  THE  COMPOSITE  JOINT  ANALYSIS  VALID? 

4.  Are  any  Materials  on  critical  technologies  list? 

5.  Are  the  Components  reasonably  Producible? 

6.  What  are  necessary  incoming  and  in-process  QC  points? 

7.  What  is  the  Susceptibility  to 

-  over-the-road 

-  operating 

-  BALLISTIC  DAMAGE? 

8.  How  Easily  and  Well  Can  the  Damage  be  Repaired? 

9.  Would  a  special  (titanium)  HMMWV  wheel  be  practical? 


LTHD 

4  March  1986 

BA 


_  -PMC 

Areas  of  Current  Design  Emphasis,  continued 


B.  Operational 

1.  Will  breech  spring  close  breech  at  max  QE? 

2.  Can  manual  primer  ejection/insertion  be  simplified? 

-  Integration  with  Lanyard  Lever  Mechanism 

3.  Will  the  Tube  Lay  vary  significantly  from  fire  control? 

-  Or  will  slide  deflection  be  sufficiently  repeatable? 

4.  What  is  the  impact  of  system  elasticity  on  stability? 

5.  Will  the  El/Eo/Az  cylinders  concept  prove  feasible? 

(Does  weight  savings  justify  a  break  from  tradition?) 

+  Transfers  equilibration  load  around  Platform 

(Reducing  complexity  and  weight  of  Platform) 

-  Difficulty  in  laying  due  to  AZ/QE  cross-correlation? 
(About  the  same  as  that  caused  by  7-81  grade) 

-  Equilibration  might  vary  with  AZ? 

(Cross-correlation  may  increase  human  factors) 

-  Is  AZ  SENSITIVITY  AT  MAX  QE  ACCEPABLE? 

(Resolution  about  one-third  of  that  below  1000  mils) 

-  Will  the  AZ  and  QE  limiting  methods  prove  reasonable? 
("Natural  limit"  is  elliptical,  not  rectangular) 

-  Will  maintaining  the  null  setpoint  be  practical? 

(or  will  it  "drift"  and  hamper  traverse  operations?) 

-  Will  it  impact  firing  stability? 

(System  elasticity  impacts  firing  stability) 

6.  Should  the  Primary  Fire  Control  be  Electronic  or  optical? 

-  Electronics  relieves  congestion  around  gimbal. 

7.  Accuracy  of  transfer  function  for  HMMWV  tires  adequate? 

-  For  comparisons  to  M198  towability 

8.  Do  the  Subsystems  address  degradation  of  operations? 

9.  How  to  make  the  "long"  cyls  survive  the  high  G's? 

-  10  G's  from  Railroad  Hump  Test 

-  18  G's  from  LAPES 
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Overview 


FMC  Approach .  4-3 

Weight  Breakdown. .  4-4 

Since  the  Mar  4  Design  Review....  4-5 

Operational  Viewpoint 

C130E  Deployment... .  4-7 

Towing .  4-8 

LTHD  Emplacement.... .  4-9 

M198  Emplacement .  4-10 

Elevation  and  Traverse .  4-11 

Loading  and  Firing .  4-12 

Misfires .  4-13 
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Since  the  March  4  Design  Review  -  Component-wise 
The  recoil  path  bearing  has  been  changed 

FROM  THE  OUTSIDE  OF  TWO  COMPOSITE  TUBES 
TO  LONG  BEARING  STRIPS  INSIDE  A  LARGE  TUBULAR  SLIDE 
TO  INCREASE  SLIDE  STIFFNESS 

AND  AVOID  EXPERIMENTATION  WITH  NEW  RECOIL  BEARING  MATERIALS 

Platform  employs  upper  traverse  bearing  almost  four  feet  above 

LOWER  BEARING 

REDUCING  PLATFORM  STRESSES 
AND  FORMING  A  NATURAL' ROLL  BAR 

A  CONVENTIONAL  ELEVATION  AND  TRAVERSE  LAYOUT  HAS  BEEN  ADOPTED 
TO  GET  AROUND  THE  CROSS-COUPLING  OF  THE  MARCH  4  CONCEPT 

Composite  cables  attach  equilibration  cylinders  to  gimbal 

TO  MINIMIZE  WEIGHT  WHILE  ATTACHING  NEAR  CG  OF  SLIDE  AND 
INCREASING  STABILIZING  MOMENT 

AN  ENERGY  RECOVERY  SYSTEM  HAS  BEEN  ADDED 

WITH  A  MINIMAL  (UNDER  40  POUND)  WEIGHT  PENALTY 

Pivoting  claws  have  been  added  to  the  forward  end  of  the  trails 

TO  REDUCE  SKID  AND  HOP 

PROVIDE  PROTECTION  AGAINST  CRITICAL  DAMAGE  DUE  TO  JACK¬ 
KNIFING  WHILE  BACKING  UP 

A  WALKING  BEAM  SUSPENSION  HAS  BEEN  ADDED  TO  THE  DOLLY 
TO  IMPROVE  TOWING  STABILITY 


_ jFMC 

LTHD  Emplacement  (3  minutes  with  crew  of  4) 

Howitzer  on  ground  with  brakes  set.  Take  to  point  of  being  ready 

TO  INSTALL  FIRE  CONTROL  AND  LAY  THE  HOWITZER. 

1.  Release  air  brake  line  between  slide  and  dolly 

2.  Release  out-of-battery  lock  pin 

3.  Extend  platform  (breech  opens  and  dolly  latch  releases  at 

BATTERY  POSITION).  SET  EXTEND^  ATFORM-VAL VE  TO 

•extend",  return  to  "normal"  when  complete. 

4.  Unlatch  left  claw-to-slide  travel  lock  and  reposition 

CLAW-TO-TRAIL  LOCK  . 

6.  Repeat  for  right  trail. 

5.  Remove  left  trail  to  platform  locks  (total  of  two). 

SWIVEL  TRAIL  OUT.  AND  REINSTALL 

7.  Repeat  for  right  trail. 

8.  Hydraulically  press  claws  into  ground 

Set  Load-Trails-Valve  to  "load",  return  to  "normal" 

WHEN  PENETRATION  SLOWS 

9.  Elevate  gun 

Set  Elevation-Lock-Valve  "unlock"  and  set  Elevation- 
Valve  to  "elevate" 

Set  Elevation-Lock-Valve  to  "normal"  and  set  Elevation- 
Lock-Valve  to  "lock" 

10.  Release  dolly  brakes  and  remove  dolly  (necessary  only  if 

FIRING  BELOW  200  MILS) 

11.  If  SPADES  ENGAGE  GROUND  LESS  THAN  SIX  INCHES!  RAISE 

PLATFORM.  DIG  IN.  AND  DROP  PLATFORM.  PLATFORM  IS 
RAISED  AND  LOWERED  WITH  PLATFORM-LlFT-VALVE. 
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M198  Emplacement  Procedure 


Howitzer  on  ground  with  brakes  set. 

Take  to  point  of  being  ready  to  install  fire  control  and  lay  the  howitzer. 


1. 

2. 

3. 


Remove  left-to-right  trail  retaining  pin 
Unlock  left-to-right  trail  lock 

Remove  left  trail  locking  pin.  open  trail,  remove  spade. 

INSTALL  ON  END  OF  TRAIL.  REPLACE  PIN 

Repeat  for  right  trail 

Remove  firing  baseplate  from  left  trail  and  position  under  ball 
Lock  firing  baseplate  into  position 
Release  brakes 
Pump  wheels  down 
Release  wheel  locks 

10.  Vent  pressure  and  allow  howitzer  to  settle  on  firing  baseplate 

11.  Pump  wheels  up 

12.  Lock  wheels  in  the  up  position 

13.  Release  QE  travel  lock 

14.  If  spades  are  less  than  6  inches  into  ground,  lift  trails  and  dig  in 


4. 

5. 

6. 

7. 

8. 

9. 
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Loading  and  Firing  (four  rounds  per  minute.  1  round  per  minute 

ABOVE  LIMIT  OF  SWISS  NOTCH) 

Ram  Staff  adjusted  for  Loading  Elevation  (low  for  below  600  mils, 
high  to  Swiss  Notch  limit 

1.  Push  Spray-Chamber-Valve  to  squirt  water  into  chamber 

2.  Move  Projectile  from  Carrier  into  Load  Tray 

3.  Set  Propellant  into  Load  Tray 

4.  Set  Ramming  Staff  on  cross  bar  on  load  tray 

5.  Push  on  T-handles  to  advance  load  tray  to  latch  position  for 

ramming 

5.  With  front  hand  on  T-handle  and  rear  hand  on  removable  pole. 

MOVE  RAMMING  STAFF  FROM  CROSS"BAR  TO  BEHIND  PROJECTILE 

6.  Ram  Projectile  (42  inch  stroke) 

7.  Retract  ramming  staff  until  propellant  rolls  into  position 

8.  Advance  propellant  to  Swiss  notch 

9.  Return  Ramming  Staff  to  cross  bar  on  load  tray 

10.  Unlatch  Load  Tray  and  retract  to  gimbal  position 

11.  Remove  ramming  staff  and  place  on  ground 

12.  Trip  breech  closed  (automatically  inserting  primer) 

13.  Twist  Lanyard  Rod 

14.  Breech  will  open  as  cannon  returns  to  battery 
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SPEEDSHIFT  (3  MINUTES  WITH  CREW  OF  4) 

1.  Elevate  platform  (extracting  spade) 

Set  Platform-Lift-Valve  to  "lift” 

2.  Depress  cannon  onto  speedshift  stool  (positioned  under  slide 

at  firing-CG  mark) 

3.  Unload  trails 

Set  Load-Trails-Valve  to  "off",  when  composite  cables  go 

SLACK,  SET  VALVE  TO  "NORMAL" 

4.  Release  claw  to  trail  latch,  retract  claws  with  ram  staff, 

AND  RELATCH  CLAW  TO  TRAIL 

5.  Retract  platform  cylinders 

Set  Platform-Lift-Valve  to  "drop" 

6.  Trav  6400  mils  by  pushing  on  trails  (one  cannoneer  at  mid¬ 

trail,  ONE  AT  CLAW) 

7.  Release  claw-to-trail  latch,  extend  claws,  and  relatch  claw 

TO  TRAIL 

8.  Load  trails 

9.  Elevate  cannon  off  speedshift-stool  and  remove  stool 
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Displacement  (3  minutes  with  crew  of  4) 

1.  Elevate  platform 

2.  Position  dolly  under  cannon 

3.  Guide  dolly  pin  into  rear  yoke  while  depressing  cannon  onto 

dolly 

4.  Set  dolly  brakes 

5.  Retract  platform  cylinders 

6.  Trip  breech  closed 

7.  Unload  Trails 

8.  Release  claw  to  trail  latch,  retract  claws  with  ram  staff, 

and  relatch  claw  to  trail 

9.  Remove  trail  to  platform  locks  (total  of  four) 

10.  Swivel  trails  in  and  reinstall  trail-to-platform  locks  while 

LATCHING  CLAWS  TO  SLIDE 

11.  Retract  platform  (check  to  make  sure  dolly  pin  engages 

forward  yoke) 

12.  Secure  out-of-battery  lock  pin 

13.  Connect  air  brake  line  between  slide  and  dolly 
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Recoil  System 

Recoil  cylinder  stroke  is  increased 
X  -  0  to  6  is  free  recoil 

X  -  6  TO  102  IS  EFFECTIVE  RECOIL  (WAS  5  TO  96) 

X  -  102  TO  105  IS  OVERTRAVEL  CUSHION 
Kevlar-wrapped  for  weight  reduction 

Counterrecoil  cylinders  carry  more  load  than  typical 

Facilitates  a  small  amount  of  energy  recovery  from  counterrecoil 
cushion 

Facilitates  a  large  amount  of'  energy  recovery  if  a  pump-motor 

ORIFICE  IS  EMPLOYED 

Reduces  amount  of  force  required  from  recoil  cylinders  near 

STROKE  END  (AS  VELOCITY  FALLS) 

Kevlar-wrapped  for  weight  reduction 
Recoil  and  counterrecoil  cylinders  used  to  shift  CG  to  unload  gun 

FROM  DOLLY  (ALTHOUGH  RODS  ARE  EXPOSED  WHEN  IN  TOW  CONFIGURATION) 

Elimination  of  strap  winch  on  dolly 

Circuitry  also  allows  gun  to  be  caught  in  recoil  for  primer  clip 

REPLENISHMENT 

Elimination  of  yoke-tube  locks  of  Mar  4  concept 


4 

J 


V 


Self-displacing  accumulator  is  used  for  recoil/counterrecoil 
Traditional  piston-type  accumulator 
Indicator  rod  shows  volume 

Drives  oil  back  and  forth  between  recoil  cylinder  and  manifold  to 

TRANSFER  HEAT  TO  MANIFOLD 

Kevlar-wrapped  for  weight  reduction 


Slide  Manifold 

Finned  surface  rejects  heat  from  oil  from  recoil  cylinders  and 
counter-recoil  check  valves 
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BA  ^-20 


OPTIONAL 
IHIGH  RECOVERY) 


_ fjjjjC 

Carriage 

Traverse  bearings  positioned  above  and  below  trunnion 
Reduced  stresses  in  platform 
Reduced  bearing  weights 

Towing  stability  improved  via  reduction  of  towing  CG 

Enlarged  "tubular"  slide 

Improved  stiffness  through  increased  section 
Enclosed  ways  minimize  damage  to  way  surfaces 
Compatibility  with  "off-the-shelf"  linear  bearing  materials 
Ways  of  Garlock  DU 

Shoes  (on  yokes)  of  steel  or  nitrided  titanium  with  way  scrapers 
Integration  of  shield  with  structural  member 
Facilitates  reduction  of  trunnion  height  to  18.25" 

Protects  crew  from  super-long  recoil 

Rolling  Load  Tray 

Facilitates  loading  out  of  battery 

Improves  delivery  of  projectile  to  loading  system 

Speedshift  stool 

Eliminates  scrubbing  tire  potential  of  March  4  concept 
Facilitates  speed  shift  about  traverse  centerline  (under  platform) 
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_ HFMC 

Fire  Control 

Standard  M198  Fire  Control 

Mounts  to  side  of  gimbal.  linked  to  slide  for  QE 

Possibly  some  weight  reduction  through  material  block  changes  in 

SOME  OUADRANT  PARTS 

Traverse  cylinder  locked  in  place  with  Bear-Loc  (TM  of  York 
Hydraulics)  Kevlar-wrapped  for  weight  reduction 

Eouilibration  cylinders  composite  cabled  to  gimbal  and  slip-ringed 
to  slide  manifold 

Improves  RAM-D  (no  hoses  in  equilibration  system) 

Increases  safety  moment  (by  moving  weight  as  far  forward  as  possible) 
Improves  ability  to  deal  with  high  G  environments 
Eliminates  correlation  of  QE  and  AZ  present  in  previous  concept 
Bear-Loc's  will  hold  cannon  with  composite  cable  failure  or 
hydraulic  component  leak 
Kevlar-wrapped  for  weight  reduction 

Equilibration  accumulators  are  of  bellows  type 
Bellows  accumulator 

MINIMIZES  STICTION 

improves  heat  transfer  between  oil  and  gas  (reducing  adiabatic 
exponent) 
improves  RAM-D 

FACILITATES  USE  OF  HE  PRECHARGE 
He  PRECHARGE  MAINTAINS  SPRINGINESS  AT  HIGH  PRESSURES  AND  CUTS 
WEIGHT 

Temperature  compensation  is  simplified  through  oil  volume 

ADJUSTMENT 

Kevlar-wrapped  for  weight  reduction 
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Elevation,  Equilibration  &  Traverse .....  5-25 

Loading  &  Human  Factors . 5-31 

Towing  Stability . 5-32 


LTHD 

4  June  1986 
SD 


5-1 


LTHi) 

M  June  1986 


u 


CD 

00 

_  °> 

O  wH 

^  Q 
K-  LU  CO 


CM 

oo  o  o 
•  »-<  o 
CT>  •  O 
c\j  co  c\j 


(\J  (NJ  CD  r\  lO  lO 

•h  *h  K5  \  (C 

^  N  N  J  CO  M 

W  M  (\1  (\1  H 


CO  CO 

•  •  to 

LO  00  3*  OO 

CO  O  O)  ii  £ 

CD)  «rH  vH  «r-4 


CO 

oc 

(— t 

UJ 

Ul 

t— 

• 

n 

_l 

UJ 

O 

CO 

t— 1 

CO 

a. 

u_ 

<c 

o 

DC 

• 

» 

DC 

■< 

c 

UJ 

Q_ 

a. 

UJ 

DC 

ac 

2 

3 

Ul 

o 

<« 

w 

CO 

C_> 

»— i 

CO 

H— 

o 

» 

UJ 

<c 

CO 

UJ 

DC 

DC 

1— 

n 

CO 

UJ 

D_ 

CO 

_ 1 

1 

►— 

I— 1 

_ 1 

CO 

UJ 

f— 

CO 

<: 

CO 

QC 

UJ 

CD 

o 

•< 

DC 

DC 

►H 

l — 

o 

a 

CO 

_l 

Ul 

UJ 

UJ 

h- 

DC 

ac 

ac 

o 

QC 

O 

o 

C 

CD 

CO 

CO 

CO 

UJ  CO 


*  I— 1  K—  O  3  0 

K  h  p  2  o  on: 

x  u  u  h  r  o_ 

O  UJ  h  U.  * 

M  t->  O  •  UJ  O 

uj  o  cc  x  o  r  t 

5  so.  h  z  oi 

,  ,  a.  ^  o  <  _j  r 

uj  u>  z  o 

_  ..  „  -I  D  (D  Ul  CO  >  X 

TOCO^hiO(\jHT  \  _ ICT>  I— 

*  •  •  •  •  rl  ir  3C  r1  a:  h 


o  zz 

X  _l 

sc  ui 

UJ 

Ul 

CO 

ho 

QC 

O 

QC 

< 

DC 

3 

a_ 

00 

O 

i 

i 

»« 

* 

* 

i. 

i 

i 

r 

> 


$8 


i  u 

i  £ 


* 


CO 

00 

_  04 

Q 

p=  o 
i —  ui  w 


-►i 


l| 

V 

'$! 

I 

$ 

i; 


cc 
••  o 
UI  Ui 

^  ° 
H-  vO 
<C  3“ 

CC  -r-t 


••  ^ 
ui  r 
o 

CC 


m  k> 

o  o 

00  OJ 


CO 

go  co 

_ I  • 

vO 

CO  o 
cr> 


UI  lO 

J  O)  ff) 
HH  3" 
h  Ifl  E 
O  3E  X 


I 

|! 


42 


1 


3 

i 

V 


\li 

* 


LTHD 

4  June  1986 


o 

LU 


cn 

cr. 

<c 

CO 

00 

o> 


oo  i 

05  i 
i 


CD 

< 

cr 


o 


oo 

05 


00 

NO 

■ 

NO 

Ns 

CO 

• 

3" 

3" 

CM 

• 

* 

CM 

CM 

CM 

NO 

CM 

00 

3- 

3" 

CM 

CM 

00 

05 

rs. 

• 

05 

o 

UO 

Lf5 

• 

NO 

NO 

CM 

CM 

CM 

00 

3“ 

CM 

CM 

CM 

oo 

oo 


CD 

n 

£ 


00 

CD 


oo 


oo 

C/3 


LU  LU 

o  o 


I 


o 

_J  .1 
M  M 
O  O 
o  o 


C_5 

LU 

OO 

Q_ 

o 

OO 

z 

LU 

o 

cr 

o 

SE 

o 

LU 

M 

LU 

3C 

OO 

00 

J— 

»*«. 

OO 

»-t 

H 

»— 

M 

— 1 

Li. 

— 1 

UJ 

*-» 

>- 

» 

_J 

h“ 

o 

M 

H 

h~ 

O 

» 

_l 

8 

=0 

o 

LU 

LU 

_i 

cr 

cr 

LU 

CD 

O 

cr 

> 

QC 

c 

O 

CL 

CO 

LU 

1— 

-J 

LU 

N*J 

3C 

rvi 

M 

f— 

oo 

DC 


CD 

< 

cc 


LTHD 

M  June  1986 


PROJECT  I LE 

TRAVEL* 

INCHES 


muzzle  velocity  vs  range 


M203A1  CHARGE 
XM795  PROJECTILE 

SOURCE:  PRODAS 
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MUZZLE  VELOCITY 
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RECOIL  FORCE  VS  STROKE 
WORST  CASE 


MAXIMUM  ALLOWABLE 
RECOIL  FORCE 


IDEAL  RECOIL 
FORCE  PROFILE 


ACHIEVED  RECOIL  FORCE  PROFILE 
WITH  RECOIL  CYLINDERS 


IL  STROKE,  FEET 


LTHD 

4  June  1986 


•  V  Vf  1 


1 

u 

«  s 

■  if. 

i 


H 


I 


CO 

<t 

f— 

CO 

CD 


O 

UJ 


oc 

UJ 

o 


H 

00 

• 

OJ 


QC 

LlJ 

Q 

CD 

H 

Lf> 


CO 

UJ 

UJ 

cc 

CD 

UJ 

O 

CO 


cc 

CO 

1— 1 

f— 

UJ 

H— 

UJ 

LlJ 

u_ 

CO 

o 

CO 

UJ 

Q_ 

c 

1— 1 

•< 

.. — . 

QC 

o 

CSC 

LlJ 

CO 

UJ 

CO 

CD 

_ 1 

o 

— J 

_l 

UJ 

UJ 

CO 

•  • 

UJ 

o 

UJ 

•• 

UJ 

Q 

UJ 

Q 

t— 

<d 

H- 

o 

i— 

cc 

LlJ 

_ 1 

•< 

cc 

c 

QC 

<t 

CD 

OS 

Q 

1— 1 

<C 

o 

O 

UJ 

CM 

1— 1 

Ll. 

CO 

Ll. 

o 

CO 

Ll. 

CO 

o 

CO 

o 

CO 

>- 

cc 

>- 

QC 

cc 

o 

< 

_J 

c 

< 

-J 

UJ 

o 

CL¬ 

n 

3! 

t— 1 

3 

3 

CD 

CM 

Q_ 

l — 

_l 

o 

cc 

_j 

O 

CD 

o 

<c 

UJ 

CO 

< 

o 

o 

<c 

CD 

O 

_ 1 

o 

»— 1 

a 

UJ 

Ll. 

UJ 

_ 1 

CO 

_ ) 

CSC 

—1 

z 

CO 

cc 

CO 

QC 

>- 

_ 1 

_ ) 

o 

__J 

=D 

M 

LlJ 

t— 1 

t— 

hH 

UJ 

t— 1 

Ll. 

<c 

O 

UJ 

o 

UJ 

H 

□c 

cs 

CO 

CC 

UJ 

_» 

UJ 

— J 

-J 

Q_ 

t— t 

Q_ 

_ 1 

CD 

O 

00 

CSC 

o 

CO 

H 

CO 

CD 

»— 1 

LlJ 

CC 

<c 

CD 

cc 

ao 

o 

CO 

V- 

o 

o 

<c 

UJ 

UJ 

UJ 

o 

■< 

■c 

U. 

o 

M 

u. 

o 

i— 

O 

Q 

O 

UJ 

o 

_ 1 

_J 

O 

_J 

CO 

<£ 

«c 

<c 

CC 

Ll. 

-J 

_l 

_J 

_l 

QC 

QC 

QC 

K— 

M 

<c 

(-1 

c 

UJ 

CD 

CD 

CD 

O 

CO 

CSC 

O 

o 

DC 

cc 

o 

O 

X 

o 

o 

X 

1— t 

►« 

1 — 

Q 

UJ 

<c 

UJ 

c 

_J 

00 

LfS 

oo 

_ 1 

3 

CD 

cc 

31 

CD 

QC 

QC 

ro 

Lf> 

CM 

"SC 

UJ 

O 

T* 

1— 1 

M 

o 

s 

cc 

QC 

QC 

u_ 

H 

1— 1 

M 

o 

QC 

QC 

Ll. 

3 

Ll. 

Ll. 

CO 

O 

o 

CO 

00 

CD 


h—  UJ  CO 


u 


1 


CD 

oo 

Q 

5  ° 

I —  LiJ  C/5 


o  £X-  t— ) 

<C  ^  o  § 

XI  O  Z  O 

CC  M  t— I  O 

p  *£  O 

U-  CO  <C  q 

OC  w  o  i  ■  i 

UJ  -I  o 

Q-  LU  CC 

O  O  LU  O' 

M  Z  JE  O 

O  — J  H  h-  LlJ 

3:  co  3  o  o 


00 


I 

1 


u 

S 

4- 


1 


& 


LV 

W 


R 


CO 

< 

o 

I 

►— 

CO 

oc 

s 


•  • 
CO 


o 

o 

td 


CO 

cc 

LU 

i 


CO 

LU 

LU 

cc 

o 

LU 

O 

o 


o 

< 


CO  h-t 

£  3 


LU  fO 
CO 

t  Li¬ 
es  o 


z 

P 

CO 

o 

o 


fcr  cd  w 


CO 


CO 

i— I 

< 

p 


CVJ 

V 

K5 


P  8 


CO 


cc 
»  o. 
CO  CO 
00 


W  CD  o 


s 


< 

p 


e  s 

O  O 
O  O 


CO 

CO 

< 


CO 

CO 


LA 


1 


s  o  o  o 

*  *  *  * 

CO  0  O 
~  O  01  (D 


o  o 


* 

o 

% 

o 

% 

o 

% 

o 

r* 

<0 

in 

* 

o  o  o 

*  %  « 

o  o  o 

to  CM  - 


O.ODZOW 


1J/QT  68* >0 l 


$ 

$ 

§ 

1 

I 

l 


LTHD 

4  June  1986 


CD 

*— 1 
h- 
<c 
LU 

CO 

O 

< 

CO 

_l 

o 

2E 

LU 

c 

_ 1 

O 

cr> 

*-H 

o 

CD 

>— 

o 

»-l 

O 

a. 

H- 

HH 

LU 

CO 

O 

0£ 

—J 

UJ 

HH 

■< 

Ll. 

cc 

■fir 

Ul 

LU 

UJ 

o 

n 

_ i 

CO 

Lk_ 

CD 

O 

EQUILIBRATION  FORCE  MATCH  :  EQU l L I BRATORS-CABLE 
ADIABATIC  CONDITIONS  -  N2 


3000- 


2500-1  \ 


2000- 


1500- 


160*  F 


1000- 


31  .9*  F 


-25*  F 


32*  F 


QE,  DEGREES 


LTHD 

M  JUNE  1986 


•FMC 


EQUILIBRATION  FORCE  MATCH  :  EQU I L I BRATORS-CABLE 
ADIABATIC  CONDITIONS  -  He 


LTHD 

M  June  1986 
SD 


i 


LTHD 

4  June  1986 


4  June  1986 


u 

S 

4- 


SLING  OR  SLING  POINT  BREAKS,  DROPS  LOAD. 


GUN  MASS 
CREW  POSITION 


u 


3 


a 

CD 

LU 

LU 

oc 

1— 

>— 

LU 

g 

CO 

LU 

> 

o 

O. 

LU 

X 

zd 

OC 

LU 

a: 

<c 

- 

LU 

LU 

>- 

CC 

LU 

cr: 

cm 

o 

o 

>- 

CO 

1— 

_ 1 

gr 

cr 

> 

LU 

<E 

*sy 

C/3 

> 

O 

LU 

O 

Oi 

•— • 

c/> 

cr. 

3  > 

«r 

c/3 

LU 

Uj 

<c 

• — • 

OC 

_ i 

LU 

o 

y 

C/> 

a*** 

c_> 

LU 

<t 

LU 

c_> 

LU 

> 


csj  o  r^s.  o 

CNJ  i— I 


cm  > 

CL.  LU 
C/3 
U- 

o  cm 

o  t? 
P  ° 

<t  o 

c_>  h- 

>• 

a.  _j 
Cl  uj 
<c  ^ 


CL.  _J 

o  _ i  _ i  en 

a:  <c  <c  ^ 

I —  U  Z  o 

O  H—  CD  — I 
l —  ■  cm  i  n 

«X  cm  <c  lu 

C_>  C_J  ^  3K 


DC  <—> 

—■  oc 


I  DC 
ZD 
S  I— 
CD  D. 
s  ZD 

ac 


LU  DC 

— i  cm 

«C 

>—  po  * 
<C  C/5 

lu  cm 
cm  >  o 

=>  I  ac 

co  o  cm 
CO  >  LU 
O  2C 

— -  C_> 


cr. 

O 

C/3 

<c 

H- 

>- 

CD 

CO 

LU 

•” • 

> 

cm 

CO 

CD 

*“ * 

1 

«c 

o 

LU 

h- 

ru 

h- 

>~ 

>“ 

>- 

>- 

1 

«a; 

cm 

oc 

OC 

oc 

T* 

cm 

o 

o 

O 

o 

* 

>- 

CD 

CD 

CD 

CD 

<_) 

LU 

oc 

LU 

LU 

LU 

LU 

% 

cm 

o 

1 — 

t— 

1— 

f— 

>- 

•a: 

H** 

«C 

<c 

<C 

c 

cm 

_ 1 

CO 

CO 

CO 

CO 

o 

LU 

C/3 

UJ 

CD 

> 

> 

LU 

LU 

LU 

f— 

_ 1 

H— 

•— « 

CD  t— 
<C 


LU  Z  CD 

t=  -  2 

s  O 


cm 

CD 

QC 

t~~> 

CO 

X 

C_) 

o 

C_> 

o 

GO 

o 

THE  REMAINDER  OF  THE  CATEGORY  I  HAZARDS  ARE  RATED  AS  IMPROBABLE,  CATEGORY  " 


o 

HH 

00 

LU 

o 


LU 

X 


LU 

o 


Z  00 

OS 

t— 

<  HI 

LU 

x 

rsi 

3 

MOT 

F  T 

V- 

HH 

% 

OO 

o 

o 

oo 

X 

»H 

IS 

RS 

LU 

LU 

X 

LU 

X  M 

x 

o  £ 

ku  M 

X  * 

X  x 

LU 

“  £ 

o- 

3  a* 

OF  T 

o 

MET, 

OWED 

LONE. 

o 

3 

THOSE 

T  BE 

ALL  T 

ILES  A 

i:  © 

JZ  hh 
a-  •“ 

M 

o 

LU 

LU 

o 

o  _  (- 
z  *  u 

s  * 

X 

LU 

HH  QJ 

W  00 

H-J 

LU 

(- 

»-  o 

Q-  m 

o 

rj  z  z 

00 

z 

2  U  fl. 

09 

-*  o; 

O  z 

Q 

LU  LU 

H  HH 

n  ;  j 
r>x  *  *- 
a-  . 


►— 

>-  Lu 
a e  hh 


LU 

z 


3 

00 


X 

o 


00 

00  Q 
LU  LU 
0J  LU 
LU  O 

Z  X 


Q 

< 


X 

< 

00 


ISI 


00 


LU  Q_ 


00 


s  ° 

oo  .  . 


00 


LU 


3B 

LU  “ 

Z  3 

5  O  00 
K  oo 


HH 

F= 

* 

o 

LU 

LU 

Q 

QC 

u 

00 

LU 

_i 

LU 

z 

HH 

O 

00 

h- 

Q- 

Z 

o 

Ui 

X 

H 

-J 

LU 

— 1 
_J 

HH 

< 

Li 

H 

h- 

O 

Lu 

HH 

mJ 

< 

BY 

z 

UJ 

> 

o 

* 

a’ 

00 

HH 

TO 

h- 

LU 

LU 

►- 

< 

o 

• 

LU 

Z 

00 

VI 

LU 

o 

lu 

o 

o 

a- 

H 

O 

UJ 

s 

i 

o 

h* 

BE 

z 

HH 

Q 

< 

< 

(X 

LU 

> 

o 

M 

cc 

OS 

LU 

o 

0C 

00 

LU 

o 

LU 

% 

X 

z 

CL. 

z 

Oj 

TO 

LU 

a 

o 

K 

LU 

00 

H 

40 

1 1 1 

< 

—J 

< 

►“ 

00 

o 

z 

> 

o 

a 

UJ 

a- 

1 . 1 

M> 

m* 

Z 

h- 

H> 

• 

•H 

1 

e 

■M 

z 

< 

Ha 

>- 

O 

Z 

HH 

LU 

LU 

X 

o 

< 

O 

LU 

a. 

00 

o 

— i 

LU 

x 

b- 

X 

HH 

00 

LU 

< 

CO 

o 

LU 

LU 

t- 

1 

z 

X 

HH 

00 

X 

00 

HH 

_l 

LU 

o 

_J 

o 

HH 

LU 

00 

*— f 

X 

z 

< 

z 

z 

o 

Z 

o 

£ 

t— 

< 

o 

M 

Lu 

< 

Q- 

OO 

CO 

oo 


LO 

I 

r-^ 


i-a 

a- 


LlJ  < 
>  ix, 
^  a  ZD 

o  <  to 

2  < 


• 

a  z 

>- 

CO 

Z  t-H 

QC 

00 

< 

< 

O') 

gg 

•H 

O  < 

ft  M 

z  — 1 

x 

>- 

i-t  a. 

t-H  LU 

< 

H- 

-J  CO 

£ 

co  x 

LU  < 

CD 

CM 

LU  < 

QC  X 

H-  QC 

o 

Q-  CL 

O 

UJ  O 

QC 

m  Q- 

<  O 

LU 
t— t 

►“ 

o  >- 

S3  t- 

t-H  5 
**■  LU 

> 

LU 

QC 

QC  l-H 

1-  -i 

CO  < 

UJ  — 3 

THE 

THE 

a c 

Q  O 

o 

o 

Ll. 

O  LU 

a 

2  X 

uj 

o 

LU 

H 

O 

^  * 

t- 

UJ  Lu 

Ul  IL 

.  k  or 

K 

z  o 

lTj  °- 

l-t 

2 

LU 

JE 

<  t- 

QC  _ 

CO 

—1  QC 

© 

03 

0-  < 

CO  t-H 

CO 

a. 

1-  K 

CO 

LU 

Z  < 

X  CO 

Ul  h- 

< 

t-  < 

£  Z 

£  LU 

►— 

CO 

OF 

PED 

©  £ 
O  S3 
O 

*— « 

—1 

>- 

g  3 

2  2 

OF 

R  00 

QC 

->  uj 

Z  UJ 

c 

►“  Q 

o  z 

sc 

t-H  H- 

l-H 

°  LU 
m 

K-  O 
< 

l-H 

Hi 

QC  X 

-J 

LU 

ae 

01 

IV  , 

O  h- 

Q-  HH 
Of  "fc 

W 

z 

u  a 

< 

< 

Z  Ul 

O 

_l 

l-H  h- 

u. 

LU 

Cl 

K 

o 

h 

t-H 

CO 

UJ 

£  £ 

1- 

HH 

CJ 

5  00 

u 

CO 

x 

<  3 

< 

z 

< 

CO 

QC 

o 

oc 

-* 

a 

o 

9 

UJ  Ul 

CO 

t-H  00 

— j 
< 

4/5 

CO 

<  • 

5  -■ 

t-H 

H 

•H 

1— 1 
1-  t— 1 

l-H 

c_> 

z 

S3  LU 

QC 

l-H 

CO 

a  co 

UJ  h- 

►H 

o  < 

K  CO 

z 

z 

QC  z 

u  t-H 

< 

O.  Cl 

<  -J 

rfj 


4  June  1986 


•FMC 


200 


LTHD  Reliability  Goals 
Based  on  M198  Howitzer  Performance  Data 
(Corrective  Maintenance  Failures) 
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LTHD  RELIABILITY  GOALS  BASED  ON  H198  HOWITZER  PERFORMANCE  DATA 

(CORRECTIVE  MAINTENANCE  FAILURES) 


CORRECTIVE  MAINTENANCE 

HARDWARE 

MRBF  (ROUNDS) 

OPERATIONAL 

MRBF  (ROUNDS) 

CANNON 

135 

110 

CARRIAGE  (Ml 98  - 

CARRIAGE,  RECOIL 

AND  SPADE/TRAIL) 

35 

25 

FIRE  CONTROL 

145 

90 

DOLLY 

(M198  -  SUSPENSION) 

150 

(MMBF-870  MILES) 

100 

(MMBF-580  MILES) 
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MRBF  - 

20  ROUNDS 

MRBF  - 
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LTHD  RELIABILITY  GOALS  BASED  ON  Ml 98  HOWITZER  PERFORMANCE  DATA 
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MRBF  (ROUNDS) 
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LTHD  MAINTAINABILITY  GOALS  BASED  ON  M198  HOWITZER  PERFORMANCE  DATA 


CARRIAGE  (M198  - 
CARRIAGE,  RECOIL 
AND  SPADE/TRAIL) 


FIRE  CONTROL 


DOLLY 

(M198  -  SUSPENSION) 


MEAN  TIME  TO 
REPAIR  (HRS) 
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